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REVISION I TO THE USERS' MANUAL FOR THE APOLLO GUIDANCE ANALYSIS 

.f 

Y 

STATISTICAL TRIALS PROGRAM 

By Dennis M. Braley 

SUMMARY 

This u s e r s '  manual presents  a d i scuss ion  of t h e  c a p a b i l i t i e s  of 
t h e  AGAST computer program and the output a v a i l a b l e  from it. Complete 
i n s t r u c t i o n s  are given f o r  preparing input  cards  t o  ob ta in  t h e  des i r ed  
r e s u l t s .  

INTRODUCTION 

The AGAST program performs Monte Carlo e r r o r  ana lyses  for Apollo 
rendezvous missions. AGAST simulates onboard t a r g e t i n g ,  guidance, and 
naviga t ion  computations. The program models t h e  onboard guidance and 
navigation systems of t h e  CMC, LM PGNCS, and LM AGS. 
are some of t h e  RTCC rendezvous maneuver t a r g e t i n g  computations and 
MSF'N state vec to r  updates. 
t h e  DO1 maneuver, t h e  NCC-NSR maneuver sequence, and t h e  DKI maneuvers 
N C 1 ,  NH, and NSR. 
t h e  program may model any or a l l  of those  four  computers. 

Also modeled 

The RTCC maneuver t a r g e t i n g  simulated includes 

I n  performing an e r r o r  ana lys i s  of a mission p r o f i l e ,  

The t r a j e c t o r y  e r r o r  analysis  scheme of AGAST i s  t o  f i r s t  produce 
a nominal, or r e fe rence ,  t r a j e c t o r y ;  t h a t  i s ,  no guidance o r  naviga t ion  
e r r o r s  a r e  introduced i n t o  t h e  computations. The program i s  then  cycled 
t o  produce s e v e r a l  simulations of t h e  mission p r o f i l e .  Each simulation 
c o n s i s t s  of i n i t i a l i z i n g  and maintaining an "ac tua l"  t r a j e c t o r y  and f o r  
each monitored computer an t r a j e c t o r y  . The a c t u a l  t r a j e c t o r y  
is  i n i t i a l i z e d  as a random dispers ion  of t h e  i n i t i a l  re fe rence  s t a t e  
vec tor .  The estimated t r a j e c t o r i e s  a r e  d ispers ions  of t h e  a c t u a l .  

The a c t u a l  s ta te  vec tors  are propagated wi th  an a n a l y t i c  ephemeris 
p r e d i c t o r  which i s  assumed t o  be e r r o r  f r e e .  The estimated s t a t e  vec to r s  
are propagated w i t h  rou t ines  which simulate t h e  onboasd i n t e g r a t o r s .  
Simulation of a mission plan includes modeling of e r r o r s  i n  t h e  onboard 
systems; i . e . ,  platforms, accelerometers, and t r ack ing  devices.  Engine 
t h r u s t  p r o f i l e  discrepancies a re  a l s o  considered. 

March 3, 1969. 
a 
This r e v i s i o n  supersedes MSC i n t e r n a l  no te  no. 69-FM-53 dated 
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.C 

After t h e  requi red  number of Monte Carlo s imulat ions are produced, 
t h e  s t a t i s t i c a l  c h a r a c t e r i s t i c s  of t h e  t r a j e c t o r y  d ispers ions  and t h e  
AV requi red  t o  f l y  t h e  mission plan are computed. The s t a t i s t i c s  in- 
c lude means and s tandard deviat ions of maneuver A V ’ s .  Covaxiance 
mat r ices  t h a t  represent  unce r t a in t i e s  i n  s t a t e  vec tors  are a l s o  produced. 

SYMBOLS 

AEG 

AGAST 

AGS 

APS 

CDH 

CSI 

CSM 

CMC 

D K I  

D O 1  

DPS 

G . m . t .  

LV 

MSFN 

N C 1  

NCC 

NH 

NSR 

PGNCS 

a n a l y t i c  ephemeri s generat o r  

Apollo Guidance Analysis S t a t i s t i c a l  Tr ia ls  

abor t  guidance subsystem 

ascent  propuls ion subsystem 

constant  d i f f e r e n t  i a1 height  maneuver 

concentr ic  sequence i n i t i a t i o n  

command and se rv ice  module 

command module computer 

docking i n i t i a t i o n  

descent o r b i t  i n s e r t  ion 

descent propuls ion subsystem 

Greenwich mean t i m e  

l o c a l  v e r t i c a l  

Manned Space F l i g h t  Network 

D K I  phasing maneuver 

co r rec t ive  combination maneuver 

D K I  height  maneuver 

c o e l l i p t i c  maneuver 

primary guidance and navigat ion con t ro l  subsystem 

I 
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RCS r e a c t i o n  contmol subsystem 

'I 

VHF very high frequency 

CURRENT CAPABILITIES 

Y 

REFSMMAT r o t a t i o n  matr ix  from bas ic  re ference  coordinate system t o  
t h e  IMU platform coordinate system 

RR rendezvous radar 

RTCC R eal-Time Computer Complex 

SCT scanning t e l e scope  

so1 s t a b l e  o r b i t  i n s e r t i o n  

SOM s t a b l e  o r b i t  midcourse 

SOR stable orb it rendezvous 

SPS s e r v i c e  propuls ion subsystem 

SXT s ext  an t  

TPF t e rmina l  phase f i n a l i z a t i o n  

.TPI te rmina l  phase i n i t i a t i o n  

TPM termina l  phase midcourse 

The following l i s t  p re sen t s  t h e  bas i c  cu r ren t  c a p a b i l i t i e s  of AGAST. 
Deta i led  desc r ip t ions  of methods used i n  AGAST w i l l  be documented i n  a 
sepa ra t e  i n t e r n a l  note .  

P o t e n t i a l  Model 

Ei fher  e a r t h  or lunar  p o t e n t i a l  models may be used. This capab i l i t y  
allows e r r o r  analyses t o  be performed f o r  e a r t h  rendezvous missions,  
such as Apollo 9 ,  or for l una r  rendezvous missions,  such as Apollo M i s -  
s i ons  F and G. 
on rendezvous for any proposed p o t e n t i a l  model. 

The luna r  p o t e n t i a l  may be va r i ed  t o  study t h e  e f f e c t s  
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Computers Monitored 

The program user  may have the program "monitor':' any combination of 
CMC, PGNCS, AGS, and RTCC computers. 
AGAST simulates t h e  computations of t h a t  computer and maintains  estimated 
s t a t e  vec to r s  f o r  it. 

To monitor a computer means t h a t  

Tra jec tory  Tracks 

Severa l  t r a j e c t o r y  t r a c k s  a re  maintained. 

1. A re ference  t r a j e c t o r y  is  produced. 

2. For each Monte Carlo cycle an a c t u a l  t r a j e c t o r y  i s  computed. 

3. For each Monte Carlo cycle an estimated t r a j e c t o r y  i s  computed 
f o r  each monitored computer. 

T r a  j e c t  ory I n i t i a l i z a t i o n  

Tra jec tory  i n i t i a l i z a t i o n  requi res  t h e  following: 

1. 

2. 

The i n i t i a l  r e f e rence  s t a t e  vec to r ,  s, must be  input .  

The i n i t i a l  a c t u a l  s t a t e  v e c t o r ,  XA, may be set equal t o  I[R 
or defined as a d ispers ion  of % which i s  e i t h e r  input or formed from a 

random sampling of an input covariance mat r ix .  

3. 
a r e  e i t h e r  t h e  same as t h e  ac tua l  s t a t e  o r  some input d i spe r s ion  from 
t h e  a c t u a l .  

The i n i t i a l  estimated s t a t e s ,  5, f o r  t h e  monitored computers 

Monte Carlo Samples 

The program user  must define t h e  number of Monte Carlo samples 
des i r ed .  
may perform s t a t i s t i c a l  processing on 1 0  d i f f e r e n t  events i n  t h e  mission 

The program may generate up t o  100 Monte Carlo samples and 

plan.  
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Maneuver Simulation Capabi l i ty  

- _  

The user  has seve ra l  opt ions pe r t a in ing  t o  maneuver t a r g e t i n g  and 
s imulat ions : 

1. Targeting computed, bu t  AV not appl ied  t o  t h e  s ta te  vec tor .  

2. AV impulsively appl ied t o  t h e  s t a t e  vec tor  (without e r r o r s  
modeled) 

3. AV burn con t ro l l ed  by onboard guidance equations and systems 
e r r o r s  modeled. 

The following maneuver options may be used by t h e  program user. 

1. Target AV: Update the  CSM (LM) s t a t e  i n  t h e  PGRCS (CMC) by 
impulsive s imulat ion of a maneuver which has been performed by t h e  
CSM (LM) 

2. Externa l  AV guidance 

3. so1 

4. SOM 

6. CSI 

7. CDH 

8. TPI 

9 .  T P M  

10. Direct  i n t e rcep t  . 
11. Direct  t r a n s f e r  t o  input t a r g e t  

12. TPF (impulsive simulation of braking)  

13. NCC 

1 4 .  NSR 

15. Staging 

16. Plane change 
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17. DO1 

18. Powered descent t o  the  lunar  su r face  

19. Powered ascent  i n t o  lunar  o r b i t  

20. Powered lunar  descent with abor t  i n t o  powered ascent  

21. 

22. D K I  maneuvers N C 1  and NSR 

CSM luna r  o r b i t  plane change 

23. LM i n s e r t i o n  cor rec t ive  (TWEEK) maneuver 

AGAST has AGS c a p a b i l i t y  for  ASCENT, CSI, CDH, TPI, TPM, and 
e x t e r n a l  AV maneuvers. 

Targeting S tudies  

For a given maneuver t h e  program may be  commanded t o  compute 
t a r g e t i n g  based on t h e  estimated states of any or a l l  of t h e  four  
computers: CMC, PGNCS, AGS, and RTCC. Since t h e  d i f f e r e n t  computers 
w i l l  produce d i f f e r e n t  maneuver times f o r  some maneuvers, t h e  t a r g e t i n g  
based on t h e  a c t u a l  states may be computed for each of t h e s e  d i f f e r e n t  
t i m e s .  That i s ,  AGAST may produce e igh t  t a r g e t i n g  so lu t ions  f o r  a 
given maneuver : 

1. CMC/CMC - t h e  CMC so lu t ion  computed a t  t h e  CMC pred ic ted  
maneuver t i m e  . 

2. PGNCS/PGNCS - t h e  PGNCS s o l u t i o n  computed a t  t h e  PGNCS 
predic ted  maneuver t ime. 

3. AGS/AGS - t h e  AGS so lu t ion  computed a t  t h e  AGS maneuver t i m e .  

4. RTCC/RTCC - The RTCC so lu t ion  computed a t  t h e  RTCC maneuver t i m e .  

5 .  ACT/CMC - t h e  so lu t ion  based on t h e  a c t u a l  s ta te  vec to r s  bu t  
computed f o r  t h e  CMC pred ic ted  maneuver t ime. 

6. ACT/PGNCS - t h e  so lu t ion  based on t h e  a c t u a l  s ta te  vec to r s  bu t  
computed f o r  t h e  PGNCS predicted maneuver t i m e .  

7. ACT/AGS - t h e  so lu t ion  based on t h e  a c t u a l  state vec tors  but  
computed f o r  t h e  AGS predic ted  maneuver t ime.  

8. ACT/ACT - t h e  so lu t ion  based on t h e  a c t u a l  s t a t e  vec to r s  and 
computed f o r  t h e  pred ic ted  maneuver t ime a l s o  based on t h e  a c t u a l  s t a t e  
vec to r s .  

Of course,  t h e  burn s imulat ion i s  con t ro l l ed  by t h e  t a r g e t i n g  computed 
f o r  t h e  con t ro l l i ng  computer. 

Change 2 ,  June 23, 1969 
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Thrust  Model 

The input  or s to red  t h r u s t  model may be changed a t  any po in t  i n  
t h e  mission plhn. 

Alinement s 

Platform alinements a r e  simulated by computing t h e  platform orien- 
t a t i o n  mat r ix  REFSMMAT. Platform e r r o r s  are r e i n i t i a l i z e d  wi th  each 
alinement,  
alinement. 

The REFSMMAT may be  computed f o r  t h e  following types  of 

1. Nominal alinement 

2.  P re fe r r ed  maneuver alinement 

3. Lunar su r face  alinement 

The AGS platform may be a l ined  t o  t h e  PGNCS, and t h e  PGNCS estimated 
s t a t e s  a r e  put  i n t o  t h e  AGS. 

Updates 

The estimated s t a t e s  of one computer may be used t o  update one of 
t h e  o ther  computers. 
of voicing update information between veh ic l e s .  

This option provides f o r  t h e  planned procedures 

Both estimated s t a t e s  i n  a computer may be updated by sampling an 
input 12-by-12 o r  6-by-6 covariance matr ix  of MSFN t r ack ing  u n c e r t a i n t i e s .  

RR and SXT Updates 

RR and SXT updates may occur as follows. 

1. An estimated s t a t e  i n  the LM PGNCS or t h e  AGS may be iipdated 
by sampling an input  6-by-6 covariance mat r ix  t h a t  r ep resen t s  RR t r ack ing  
u n c e r t a i n t i e s .  

2 .  An estimated s t a t e  i n  the CMC may be updated by sampling an 
input  6-by-6 covariance mat r ix  t h a t  r ep resen t s  $XT t r ack ing  u n c e r t a i n t i e s .  

3. 
s imula t ion  of t h e  naviga t iona l  measurements and computations assoc ia ted  
wi th  t h e  RR. 

An estimated s t a t e  i n  the LM PGNCS o r  t h e  AGS may be updated by 
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4 .  An estimated s t a t e  i n  the CMC may be  updated by s imula t ion  of 
t h e  naviga t iona l  measurements and c o p p t a t i o n s  a s soc ia t ed  wi th  t h e  SXT 
and VHF ranger.  

Landmark Tracking 

The CSM estimated s t a t e  may be updated i n  t h e  CMC by modeling t h e  
o p t i c a l  &andmark t r ack ing  measurements and t h e  assoc ia ted  naviga t ion  
computations. 

Error Sources 

The following l i s t  presents  t h e  sources of d i screpancies  between 
r e fe rence ,  a c t u a l ,  and estimated t r a j e c t o r i e s .  

1. Onboard i n t e g r a t o r s  - AGS has a Keplerian model. The PGNCS 
e a r t h  model does not consider atmospheric drag. 

2. MSFN t r a c k i n g  unce r t a in t i e s  

3. Platform misalinement and d r i f t  

4. .Accelerometer misalinement, b i a s ,  and s c a l e  f a c t o r  

5 .  RR noise  and b i a s  on range, range r a t e ,  and s h a f t  and t runnion  
angles  

6 .  SXT noise  and b i a s  on t h e  l ine-of-sight u n i t  vec tor  

7. VHF noise  and b i a s  on range measurements 

8. Randomly per turbed engines t h r u s t  p r o f i l e  c h a r a c t e r i s t i c s  

9.  Thrust misalinement modeled by computing random burn r e s i d u a l s  
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Target Differences 

7. PGNCS/PGNCS minus R T C C ~ R T C C  

8. RTCC/RTCC minus CMC/CMC 

9 .  RTCC/RTCC minus AGS/AGS 

10. CMC/CMC minus AGS/AGS 

For a given maneuver, s t a t i s t i c a l  processing may be performed on 
t h e  t a r g e t i n g  parameter d i f fe rences  t h a t  r e s u l t  from t h e  a c t u a l  s t a t e  
vec to r s  and t h e  estimated states of t h e  four  computers. The fol lowing 
AV t a r g e t  d i f fe rences  can be formed and s t a t i s t i c a l  c h a r a c t e r i s t i c s  
produced. 

1. CMC/CMC minus ACT/CMC 

2. PGNCS/PGNCS minus ACT/PGNCS 

3. AGS/AGS minus ACT/AGS 

4. RTCC/RTCC minus ACT/ACT 

5. PGNCS/PGNCS minus CMC/CMC 

6. PGNCS/PGNCS minus AGS/AGS 

U s e  i n  Onboard Program Ver i f i ca t ion  

If zero samples a r e  run ( i , e . ,  NSAM = 0 )  and any e r r o r  sources are 
no t  considered, AGAST can be used t o  make runs t o  v e r i f y  t h e  r e s u l t s  of 
var ious  programs modeled i n  AGAST f o r  t h e  CMC, LM PGNCS, and AGS, as 
def ined  i n  re ferences  1 through 6. . 

OUTPUT 

There are two kinds of output from AGAST: (1) checkout and de- 

For every event ,  t h e  program user  must de f ine  a p r i n t  con t ro l  
bugging output and ( 2 )  output generated by t h e  s t a t i s t i c a l  processor  of 
AGAST. 
f l a g  which determines t h e  l e v e l  of output which i s  p r i n t e d  f o r  every 
Monte Carlo s imulat ion of t h a t  event.  For example, i f  t h e  use r  r eques t s  
a maneuver event ,  he may or may not  have t h e  t a r g e t i n g  parameters d i s -  
played f o r  each guidance cys l e  of  each s imulat ion of t h a t  maneuver. 
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T . 

Though t h e  program i s  not l imited i n  t h e  number of mission events  which 
may be s imulated,  it can s t a t i s t i c a l l y  process  only t e n  events ,  That 
processing p e r t a i n s  t o  generation of sample means and s tandard devia t ions  
f o r  t h e  fol lowing.  

1. The t o t a l  AV requi red  t o  f l y  t h e  mission 

2. The AV burned f o r  t h e  ind iv idua l  maneuvers 

3. The AV t a r g e t i n g  so lu t ion  f o r  t h e  ind iv idua l  maneuvers produced 
by t h e  d i f f e r e n t  computers 

Also generated f o r  a sampled mission event a r e  sample covariance mat r ices  
which r ep resen t  unce r t a in t i e s  i n  t h e  CSM and LM state vec to r s ,  t h a t  i s ,  
dev ia t ions  of t h e  a c t u a l  from the r e fe rence ,  and of t h e  est imated from 
t h e  a c t u a l .  Such sample covariance mat r ices  are computed f o r  t h e  rela- 
t i v e  s ta te  vec tor  f o r  t h e  CSM and LM. 

Output f o r  s t a t i s t i c a l  processing i s  w r i t t e n  on magnetic t ape  af ter  
each cyc le  through t h e  program. 
completion, a s p e c i a l  d r ive r  exis ts  i f  t h e  use r  d e s i r e s  t o  process  cases  
completed before  t h e  termination. 

If t h e  program should te rmina te  before  

INPUT 

Z e  input  t o  AGAST i s  of two types :  (1) i n i t i a l i z i n g  inpu t ,  which 
w i l l  not  change f o r  a given mission p lan  and ( 2 )  event i npu t ,  which de- 
f i n e s  t h e  mission events t o  be simulated.  
by def in ing  t h e  i n i t i a l  reference s t a t e  vec to r s  f o r  t h e  two veh ic l e s  and 
by def in ing  o ther  i n i t i a l i z a t i o n  paramaters such as t h e  numerical e r r o r  
models t o  be  used. 
def ined i n  t h e  sec t ion  giving de ta i l ed  input  desc r ip t ions  as input  blocks 
0 and A through H . )  

The program i s  i n i t i a l i z e d  

(The i n i t i a l i z a t i o n  input  and i t s  card format i s  

The mission p r o f i l e  t o  be modeled i s  def ined t o  t h e  program as a 
sequence of events .  Each mission event i s  spec i f i ed  t o  AGAST on a block 
on input  cards  ca l l ed  an event package. There are no program r e s t r i c -  
t i o n s  on t h e  number of events which may be spec i f i ed .  There are fou r  
major event ca t egor i e s .  

1. Maneuvers 

2. Alinements 

PS Vector t r a n s f e r s  (computer-to-computer) 

4. Tracking and s t a t e  vector  updates 
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The event input  d e f i n i t i o n s  and format are def ined i n  t h e  d e t a i l e d  
input  desc r ip t ion  as input  blocks EVENT, LEC1, LEC2, LEC3, and LEC4. 
The input  block denoted EVENT i s  read f o r  every event ,  and each event 
package i s  headed by t h e  cards of t h i s  input  block.  Block EVENT s p e c i f i e s  
t h e  seve ra l  con t ro l  f l a g s  which def ine t h e  event and t h e  manner i n  which 
it i s  t o  be simulated.  For each event,  t h e  program reads  input  block 
EVENT, and subsequently one of the  fou r  input  blocks LECl,  LEC2, LEC3, 
and LEC4, which correspond respec t ive ly  t o  a maneuver, an alinement,  a 
vec to r  replacement (MSFN updates ) ,  and onboard t r ack ing .  Each input  
block i s  divided i n t o  sec t ions  s o t h a t  each s e c t i o n  i s  a s p e c i f i c  da t a  
u n i t  usua l ly  contained on a s ingle  card.  Deta i led  desc r ip t ions  of a l l  
t h e  input  blocks follow. 

Prestored Data 

The l a t e s t  ava i l ab le  da t a  a re  maintained as pres tored  d a t a  i n s i d e  
t h e  program. The sources a r e  onboard f ixed  memory da ta  - re ferences  
1 through 5; onboard e rasable  memory da ta  - MPAD memorandums; e r r o r  
a n a l y s i s  da t a  - re ference  11. 

Matrix Input Format 

(Format MATRIX) 

Covariance matr ices  used i n  AGAST, whose dimensions are mul t ip les  of 
s i x ,  a r e  input  by means of t h e  format descr ibed below. This format allows 
t h e  matr ix  t o  be input  by reading i n  only t h e  upper t r i a n g u l a r  elements 
and a l s o  provides a simple method t o  input  t h e  matr ices  of dimensions 
g r e a t e r  than  s i x  such as those encountered i n  t h e  two-vehicle MSFN update 
mat r ix  and t h e  ascent  performance matr ix .  I n  subsequent pages of t h i s  
manual, t h i s  format i s  r e f e r r e d  t o  by t h e  name MATRIX. 

Because t h e  nethod used cons is t s  of p a r t i t i o n i n g  matr ices  of dimension 
g r e a t e r  than s i x  i n t o  submatrices each of which i s  of  dimension s i x  by s i x ,  
consider  f i r s t  a matr ix  A of dimension s i x  by s i x .  

The elements of A are input  by rows, one row t o  a card,  i n  t h e  format 
( 6 ~ 1 2 . 0 ) .  Thus, t h e  input  sequence i s  as fol lows.  

A ( I , J ) ,  J = 1, 6 ) ,  I = 1, 6 )  

To s impl i fy  t h e  inpu t ,  only the  upper t r i a n g u l a r  values  are input  
whenever possible. .  In  t h i s  case,  t h e  input  sequence i s  as fol lows.  

A ( I , J ) ,  J = I ,  6 ) ,  I = 1, 6 )  

Change 2 ,  June 23, 1969 
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The format used here  i s  t h e  same as t h e  format used t o  e n t e r  t h e  whole 
matr ix  as inpu t ,  bu t  t h e  a reas  o f  t h e  card  f o r  t h e  lower l e f t  elements 
of t h e  matr ix  are l e f t  blank. For  a l l  mat r ices  of dimension s i x ,  only 
t h e  upper t r i a n g u l a r  va lues  are entered.  

For a mat r ix  B of dimension KC where KD i s  a mul t ip l e  of s i x ,  
f i r s t  p a r t i t i o n  B i n t o  s i x  by s i x  submatrices A . Next, with each Amn 

considered as an element of  B y  a matr ix  of dimension J D  i s  formed where 
J D  = m/6. 
t r i a n g u l a r  va lues  are included, which gives  t h e  sequence 

mn 

The input  sequence i s  aga in  by rows, and only t h e  upper 

A ( m ,  n ) ,  n = m y  J D ) ,  M = 1, J D )  

For t h e  diagonal submatrices of t h e  p a r t i t i o n e d  mat r ix  ( A  where mn 
m = n ) ,  only t h e  upper t r i angu la r  values  are en tered .  

A s  an example, when KD = 1 2 ,  B i s  p a r t i t i o n e d  as shown. 

A12, A22 with only t h e  upper t r i a n g u l a r  11 , The input  sequence i s  A 

22 * values  en tered  as input  for matrices A and A 11 

c 

Change 2 ,  June 23, 1969 
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Block 0 Input - Program I n i t i a l i z a t i o n  Data 

Sect  i o n  

The input  t o  block 0 sets  t h e  program i n i t i a l i z a t i o n  f l a g s  and 
reads  i n  t h e  i n i t i a l  re fe rence  s t a t e .  When t h e  LM i s  on t h e  lunar  
su r face ,  no LM reference  s t a t e  i s  input .  

The base d a t e  i s  t h e  d a t e  t o  which t h e  re ference  vec tor  i s  
referenced.  
( G . m . t .  ) .  
between t h e  p lane tary  coordinate  s y s t e m  (Greenwich t r u e  of d a t e  or 
selenographic)  and t h e  i n e r t i a l  basic r e fe rence  system (Bessel ian or 
se l enocen t r i c ) .  
re fe rence  system. 

The vec tor  t i m e  should b e  input  as Greenwich mean t i m e  
The t i m e  and d a t e  are of importance i n  t ransformations 

A l l  output s t a t e  vectors  i n  AGAST are i n  t h e  bas i c  

0 

1 

l b  

2 

3 

4 

5 

6 

7 

a 
9 

Var i ab l e  s 

Comment cards  

KREF, IORB, IMON(CMC) , IMON(PGNCS) , 
IMON(AGS) , IMON(RTCC) , NSAM, NREF , 
IPERTA (cm) , IPERTA (IN) , IPERTE ( CSM) , 
IPERTE(LM) , IBRAKE, IDATA, KPROP, JRAN 

IBLOCKA , IBLOCKB , IBLOCKC , IBLOCKD , 
IBLOCKE , IBLOCKF , IBLOCKG , IBLOCKH 

BYEAR, BMONTH, BDAY 

KORIN(CSM) , ISET(CSM) , ICON(CSM) , 
ITIME ( CSM) 

VECTOR (cm) 
VECTIME (CSM) 

VECTOR (LM) 

VECTIME(LM) 

Format 

1 0 ~ 6  

161 5 

81 5 

3 ~ 1 0 .  o 

41 5 

v a r i a b l  c 

var i ab le  

41 5 

var i ab l e  

variable 

4F10.0 

Cards 

2 

1 

1 

1 

1 

1 o r  2 

1 o r  2 

1 

1 or 2 

1 or  2 

1 

I 

I 
Change 2 ,  June 23, 1969 
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Sect ion 

0 

1 

Variable 

KREF 

IORB 

I M O N  

NSAM 

NREF 

IPERTA 

IPERTE 

Def in i t ion  

Two comment cards containing any information t h e  
user  wishes t o  be displayed f o r  t h i s  p r o f i l e  

c e n t r a l  body designat ion f l a g  

= 1 e a r t h  o r b i t  

= 2 lunar o r b i t  

LM reference s t a t e  f l a g  

= 0 LM re ference  s t a t e  i s  input 

= 1 LM i s  on lunar  sur face  and no reference 
s t a t e  i s  input i n  sec t ions  6 through 8 

computer monitoring flags 

= 0 do not  monitor t h i s  computer 

= 1 monitor t h i s  computer 

t h e  number of Monte Carlo samples t o  be run;  
t h e  maximum number of  samples allowed i s  100 

t h e  number of reference poin ts  where a s t a t i s t i c a l  
analysis  i s  des i red ;  up t o  25 reference poin ts  may 
be se lec ted  

i n i t i a l  a c t u a l  s t a t e  cont ro l  flag 

= o  

= 1  

= 2  

= 3  

= 4  

ac tua l  s t a t e  equals  the  input  reference s t a t e  

ac tua l  s t a t e  equals t h e  input  reference s t a t e  
plus input  d i spers ion  

a c t u a l  s t a t e  equals the  input  reference 
s t a t e  p lus  d ispers ion  computed from s a -  
p l ing  a l o c a l  v e r t i c a l  a c t u a l  s t a t e  co- 
variance matr ix  

the same as for IPERTA = 2 except t h a t  
the covariance matr ix  i s  i n  UVW coordinates  

the LM a c t u a l  and estimated s t a t e s  a re  computed 
from t h e  reference s t a t e  using a 13 by 13 lunar  
ascent i n s e r t i o n  uncertainty matr ix;  i n  t h i s  
case, IPERTE(LM) i s  ignored, and a l l  monitored 
computer LM s t a t e s  a r e  s e t  equal 

i n i t i a l  estimated vector  cont ro l  f l a g  

= 0 

= 1 

estimated s ta te  equals t h e  a c t u a l  s t a t e  

estimated s t a t e  equals t h e  a c t u a l  s t a t e  p lus  
input d i spers ion  
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Sect  ion  Variable  Def in i t i on  

IBRAKE breaking con t ro l  f l a g  

= 0 do not s imulate  braking 

= 1 simulate  braking 

IDATA 

KPROP 

JRAN 

da ta  block con t ro l  f l a g  

= 0 a l l  d a t a  i n  blocks A through H i s  set 
t o  i t s  pres tored  value 

= 1 some of t h e  d a t a  f o r  blocks A through H 
w i l l  be read i n t o  t h e  program 

propagation model con t ro l  f l a g  ( luna r  o r b i t  
only) 

= 0 TRIAX propogation des i red  

= 1 R 2  propogation des i red  

random number con t ro l  f l a g  

= 0 use  t h e  random number generator  

= 1 zero out  a l l  random numbers used 

l b  This sec t ion  i s  included only i f  IDATA = 1 

a l l  below da ta  block con t ro l  f l a g s  

= 0 a l l  da t a  f o r  t h e  block i s  taken  t o  be t h e  
p r  es t  or ed va lue  

= 1 a l l  or p a r t  of t h e  d a t a  i s  input  

IBLOCKA 

IBLOCKB 

IBLOCKC 

IBLOCKD 

IBLOCKE 

s t a t e  vec tor  propagation model c o n t r o l  f l a g  

s t a t e  vec tor  i n i t i a l  per turba t ion  model con t ro l  
f l a g  

platform error model con t ro l  flag 

t h rus t  p r o f i l e  control f l a g  

rendezvous r ada r  d a t a  con t ro l  f l a g  

Change 2 ,  June 23, 1969 



Sect  ion Variable  Def in i t i on  

IBLOCKF sextant  d a t a  con t ro l  flag 

I BLO CKG lunar landmark t r ack ing  d a t a  con t ro l  f lag 

IBLOCKH lunar ascent  and descent d a t a  con t ro l  f l a g  

BMONTH base da t e  
BDAY 

KORIN coordinate system f l a g  for t h e  input  re ference  
s t a t e  

= 0 t h e  elements a r e  i n  Greenwich t rue  of date 
coordinates  ( e a r t h  o r b i t )  o r  selenographic 
coordinates  (lunar o r b i t )  

= 1 t h e  elements are i n  Bessel ian coord ina tes  
( e a r t h  o r b i t  ) o r  se lenocent r ic  coordinates  
(lunar o r b i t  ) 

ISET,  I C O N  flags which def ine  t h e  form of  the  input  
reference vector  

ISET = 1 Kepler ian elements ( a , e , i , g ,h , l )  

ICON= 1 elements a r e  i n  u n i t s  of f t  and deg 

= 2 elements a r e  i n  u n i t s  of  f t  and r a d  

= 3 elements are i n  u n i t s  of n. m i .  and deg 

= 4 elements are i n  u n i t s  of n .  m i .  and r a d  

ISET = 2 rectangular elements (x, Y, Z, ?, ?, i) 
ICON = 1 elements are i n  units of ft and 

fPS 

I C O N  = 2 elements are i n  units of n. m i .  
and f p s  

ICON = 3 elements are i n  canonical units 

ICON = 4 elements are i n  units of e . r .  and 

Change 2 ,  June 23, 1969 
e.r./hr 
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Defin i t ion  

I C O N  = 5 elements are i n  u n i t s  of meters 
and meters /sec 

If a minus i s  placed on above va lues  of  
I C O N  when ISET = 2 ,  t hen  t h e  elements a r e  
read i n  t h e  o c t a l  format i n s t ead  of t h e  
decimal format (See sec t ion  4 )  

I I C O N  = 6 RTCC vec tor  package input  (see 
t h e  d iscuss ion  a t  t h e  end of 
t h i s  block 

ISET = 3 sphe r i ca l  elements ( V ,  y ,  Y ,  R, 
A ,  Q I )  

I C O N  = 1 elements are i n  u n i t s  of f t ,  fp s  
and deg 

I C O N  = 2 elements are i n  u n i t s  of f t ,  f p s ,  
and rad 

I C O N  = 3 elements are i n  u n i t s  of n .  m i . ,  
f p s  and deg 

I C O N  = 4 elements are i n  u n i t s  of n .  m i .  , 
f p s  and r ad  

I C O N  = 5 elements are i n  u n i t s  of f t ,  f p s  
and deg measured geode t i ca l ly  
( e a r t h  o r b i t  on ly)  

ISET = 4 elements are height  of apogee, 
height  of per igee ,  i n c l i n a t i o n ,  
argument of per igee ,  argument of  t h e  
ascending node, and t r u e  anomaly 
(ha, hp,  i, g ,  h ,  e )  

I C O N  = 1 elements are i n  u n i t s  of f t  and 
deg 

I C O N  = 2 elements are i n  u n i t s  of n .  m i .  
and deg 

Change 2 ,  June 23, 1969 
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Sec t  i on  Variable Def in i t i on  

ITIME vec to r  t i m e  cont ro l  f l a g  

= 0 the  t i m e  i s  i n  t h e  form days,  h r ,  min, and 
s e c  and is  on two cards .  The first card 
contains  t h e  number of  days i n  t h e  format 
(F1O.O); t h e  second card contains  t h e  h r ,  
m i n ,  and see  i n  t h e  format (11X, F4.0, lX, 
F3.0, lX, F5.2) 

VECTOR 

5 

= 1 t h e  t i m e  i s  on one card i n  t h e  form days,  
h r ,  min, and sec  i n  t h e  format (4F10.0) 

= 2 t h e  t i m e  i s  on one card  i n  sec  i n  t h e  
format (F10 . O )  

t h i s  sec t ion  contains  t h e  input  re ference  vec tor  
elements; i f  ISET = 2,  t h e  format i s  ( l o x ,  
3315.8) f o r  decimal input  and i s  (uX, 012, u[, 
012, lX, 012) f o r  t h e  o c t a l  input  and i n  e i t h e r  
case there  are two cards ;  i f  ISET = 2 ,  t h e  vec tor  
i s  on one card  i n  t h e  format (6~12.0) 

VECTIME t h e  reference vec tor  t i m e  i n  t h e  form and format 
spec i f ied  by t h e  ITIME f l a g  of s e c t i o n  3; i f  
ITIME = 0 ,  t h e  t i m e  i s  on two cards  

Sect ions 6 through 8 are included only i f  IORB = 0 

GMTLO 

See sec t ion  3 

See sec t ion  4 

See sec t ion  5 

Lift-off t i m e  or any o ther  t i m e  from which g . e . t .  
values  a re  des i r ed  i n  t h e  program output .  The 
t ime is  i n  t h e  form days,  h r ,  min, and sec 

Change 2, June 23, 1969 
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RTCC VECTOR PACKAGE 

The RTCC t ransmi ts  vec to r s  t o  t h e  RTACF i n  a seven-card package. 
Use of t h e  vec tor  package has  been included i n  AGAST f o r  use i n  real  t i m e  
operat ions and p o s t f l i g h t  ana lys i s  when t h e  vec tor  package i s  ava i l ab le .  a 

When t h e  vec to r  package option i s  used, KORIN must be set  t o  one 
and ITIME i s  ignored. 
s ec t ions  4 and 5 ( f o r  t h e  CSM) and/or s ec t ions  7 and 8 (for t h e  LM). 
Also, t h e  weights input  i n  block A are ignored. 

When t h e  vector package i s  used, it rep laces  

The contents  of t h e  vec to r  package are shown below as a re ference  
f o r  t h e  user .  

C a r d  
~~ 

1 

2 

3 

4 

5 

6 

7 

Descript ion 

S t a t i o n  I D  

G . m . t .  of l i f t - o f f  

VECTIME 

Rev number 

Vehicle pos i t i on  

Vehicle ve loc i ty  

Vehicle weight 

~ ~~ 

Format 
~ 

12X, A b ,  l X ,  A3, 8x, A1 

11X, F4.0, lX, F3.0, 
lX, F5.2 

11X, F4.0, lX, F3.0, 
ix, ~ 5 . 2  

11X, F3.0 

11x, $312, lX, ($12, l X ,  
a12 

11x, $312, lX, (812, lX, 
4112 

i i x ,  ~ 6 . 0  

Change 2 ,  June 23, 1969 
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Block A Input - S t a t e  Vector Propagation Model Data 

Block A input i s  t h e  drag model cons tan ts  and t h e  i n i t i a l  veh ic l e  
A t  present t h e  i n i t i a l  estimated veh ic l e  weights are set weights. 

equal t o  t h e  i n i t i a l  a c t u a l  weights i n s i d e  t h e  program. 

This block i s  included only if' IBLOCKA = 1. 

Sect  i on  Variable Def in i t i on  

1 CD drag c o e f f i c i e n t  

AREA spacecraf t  a r e a ,  f t 2  

WHT spacecraf t  weight, lb 
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Block B Input - S t a t e  Vector Per turba t ion  Data 

Block B allows the  user  t o  apply i n i t i a l  per turba t ions  of t h e  
a c t u a l  s t a t e s  from t h e  re ference  s t a t e s  and of t h e  estimated states from 
t h e  ac tua l s .  
t h e  matrix i s  sampled each cyc le  and a new s e t  of d i spers ions  i s  
computed. 
each cyc le  through t h e  program. 

When covariance matr ices  are used f o r  t h e  d i spe r s ions ,  

When d ispers ions  a r e  input ,  t h e  same dispers ions  a r e  added a 
Dispersions of t h e  estimated s t a t e s  by covariance matr ices  a r e  not 

input  through block B. 
be input  as a vector  replacement event (block L E C 3 ) .  

If t h e  user d e s i r e s  such a d i spe r s ion  it must 

This block i s  included only i f  IBLOCKB = 1. 

Sect ion 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

Variables 

DXA ( CSM) 

COVA (CSM) 

DXE(CSM, CMC) 

DXE ( CSM , PGNCS ) 

DXE(CSM, AGS) 

DXE ( CSM , RTCC ) 

CSA( LM) 

COVA ( LM ) 

JMFLAG 

COVLA 

DXE(LM, CMC) 

DXE(LM, PGNCS) 

DXE (LM, AGS)  

DXE(LM, RTCC) 

Format 
~- 

6 ~ 1 0 .  o 

6 ~ 1 0 . 0  

6 ~ 1 0 .  o 

6 ~ 1 0 . 0  

6 ~ 1 0 . 0  

6 ~ 1 0 . 0  

6 ~ 1 0 . 0  

MATRIX 

41 5 
MATRIX 

6 ~ 1 0 .  o 

6 ~ 1 0 . 0  

6 ~ 1 0 .  o 

6 ~ 1 0 .  o 

Cards 

1 

6 

1 

1 

1 

1 

1 

6 

1 
'ar i ab l e  

1 

1 

1 

1 

Change 2 ,  June 23, 1969 



Sect ion  

1 

.. 

' I  

3 

4 

Variable Def in i t ion  

This s ec t ion  i s  included only i f  IPERTA(CSM) = 1 

DXA rectangular pe r tu rba t ions  i n  Apollo l o c a l  
ver t ica l -  coordinates which a r e  used t o  form 
t h e  i n i t i a l  a c t u a l  s t a t e  from t h e  input  
reference s ta te  

This s ec t ion  i s  included only i f  IPERTA(CSM) = 2 o r  3 

COVA 6-by-6 covariance mat r ix  from which a random 
sampling i s  taken t o  ob ta in  t h e  pe r tu rba t ions  
used t o  form t h e  i n i t i a l  a c t u a l  s t a t e  from 
t h e  input re ference  s t a t e .  Each card  inputs  
a row. 

This s ec t ion  i s  included only i f  IPERTE(CSM) = 1 and 
IMON(CMC) = 1 

DXE rectangular pe r tu rba t ion  t o  t h e  CSM s t a t e  
vector i n  Apollo l o c a l  v e r t i c a l  coordinates 
which a r e  used t o  form t h e  i n i t i a l  CMC 
estimated s t a t e  vec tor  from t h e  a c t u a l  

This s e c t i o n  i s  included only i f  IPERTE(CSM) = 1 
and IMON(PGNCS) = 1 

DXE See sec t ion  3 

This s ec t ion  i s  included only i f  IPERTE(CSM) = 1 
and IMON(AGS) = 1 

DXE See sect ion 3 

This s e c t i o n  i s  included only i f  IPERTE(CSM) = 1 
and IMON(RTCC)  = 1 

DXE See sec t ion  3 

T h i s  s ec t ion  i s  included only i f  IPERTA(LM) = 1 

DXA See sec t ion  1 

This sec t ion  i s  included only i f  IPERTA(LM) = 2 o r  3 

COVA See sec t ion  2 
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Sect ion  

9 

Variable Def in i t i on  

This s ec t ion  i s  read only i f  IPERTA(LM) = 4 

JMF’LAG f lags  which designate  which sec t ions  of t h e  
LM ascent performance mat r ix  are t o  be used. 
The sec t ions  (each a s i x  by s i x  mat r ix)  are a s  
follows 

COVLA 

1. CSM est imated s t a t e  computed from t h e  CSM 
a c t u a l  s t a t e  

2.  LM a c t u a l  s ta te  computed from t h e  LM 
reference s ta te  

3. LM PGNCS estimated s ta te  computed from t h e  
LM a c t u a l  s t a t e  

4. LM AGS est imated s t a t e  computed from t h e  LM 
a c t u a l  s t a t e  

The f l a g  values  a r e  a s  follows 

= 0 do not use t h i s  s ec t ion  of t h e  matr ix  

= 1 use t h i s  s ec t ion  of t h e  matr ix  

IN ascent performance matr ix  which represents  
uncer ta in t ies  i n  t h e  LM a c t u a l  and estimated 
s t a t e s  and t h e  CSM estimated s t a t e  a t  i n s e r t i o n  
a f t e r  a lunar  ascent by t h e  LM. The matr ix  i s  
i n  WW coordinates  from t h e  LM reference  s t a t e  
l oca l  v e r t i c a l .  The s i z e  of matr ix  COVLA v a r i e s  
because it i s  composed of only t h e  sec t ions  
designated by the  JMFLAG values  and t h e  c ross  
cor re la t ions  between those  sec t ions .  

10 

11 

12 

13 

This sec t ion  i s  included only i f  IPERTE(LM) = 1 and 
IMON(CMC) = 1 

DXE See sec t ion  3 

This s ec t ion  i s  included only i f  IPERTE(LM) = 1 and 
IMON(PGNCS) = 1 

DXE See sec t ion  3 

This s ec t ion  i s  included only i f  IPERTE(LM) = 1 and 
IMON(AGS) = 1 

DXE See sec t ion  3 

This s ec t ion  i s  included only i f  IPERTE(LM) = 1 and I M O N ( R T C C )  = 1 

DXE See sec t ion  3 

Change 2 ,  June 23, 1969 
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Block C Input - Platform Data 

Platform e r r o r  models a r e  ava i l ab le  f o r  t h e  CMC, LM PGNCS, and LM 
AGS computers. The AGS platform does not have a REFSMMAT as it i s  
i n i t i a l i z e d  by means of a PGNCS t o  AGS alinement (block LEC2). 

c 
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If IBLOCKC = 0, no i npu t  i s  needed f o r  t h i s  BLOCK, and IPE will be s e t  
t o  ze ro  by t h e  program. 

.- 
'+ 

a 

* 

* 

a 

Sec t  i o n  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Variables  

IPE , IPLTSG, IREFSMMAT , IPDATA 
REFSMMAT ( CSM) 

ALNERR ( CSM) 

DRFTR ( CSM) 

ACRER ( CSM) 

ABIAS(CSM) 

sm(cSM) 
SIGALN(CSM), SIGDFT(CSM), SIGAAL(CSM), 
SIGABI (CSM) , SIGASK(CSM) 
REFSMMAT (LM) 

ALNERR(LM, PGNCS) 

DRFTR (my PGNCS) 
ACFtER(IM, PGNCS) 

ABIAS(LM, F'GNCS) 

SKALE(LM, PGNCS) 

SIGALN(LM, PGNCS) , SIGDFT(LM, PGNCS) , 
SIGAAL(LM, PGNCS), SIGABI(LM, PGNCS) , 
SIGASK(LM, PGNCS) 

ALNERR(LM, AGS) 

DRFTR(LM, AGS) 

ACRER ( LM , AGS 1 

AEXAS(IM, AGS) 

s m ( m ,  AGS) 

SIGASK(LM, AGS) 

Format 

41 5 

3315.8 

3315.8 

3315 .a 
3315 .a 
3315.8 

3315.8 

5E15.8 

3315.8 

3 1 5  -8 

3315.8 

3315.8 

3315 .a 
3315. a 

5315.8 

3315.8 

3315.8 

3E15. a 
315.8 

3315.8 

5315.8 

Cards 

1 

3 

1 

1 

3 

1 

1 

1 

3 

1 

1 

3 

1 

1 

1 

1 

1 

3 

1 

1 

1 
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Sect  i on  Variable 

1 IPE 

IPLTSG 

Def in i t ion  

platform e r r o r  f l a g  

= 0 do not consider platform e r r o r s  

= 1 consider platform e r r o r s  

platform e r r o r  source f l a g  

= 0 use prestored or input  platform 
errors 

2 

3 

4 

5 

= 1 compute platform e r r o r s  from u ' s  

IREFSMMAT REFSMMAT con t ro l  f l a g  

= 0 use pres tored  REFSMMAT matr ix  

= 1 input t h e  REFSMMAT matrix 

IPDATA platform d a t a  source cont ro l  f l a g  

= 0 use pres tored  e r r o r s  or u ' s  

= 1 read i n  platform e r r o r s  or  u ' s  

I f  IPE = 0 or IPDATA = 0 ,  no f u r t h e r  da t a  a r e  included 
i n  t h i s  block with t h e  poss ib le  exception of sec t ions  2 
and 9 

This sec t ion  i s  included only i f  I M O N ( C M C )  = 1 and 
IREFSMMAT = 1 

REFSMMAT r o t a t i o n  matrix from t h e  bas ic  re ference  
coordinate system t o  t h e  IMU platform 
coordinate system 

Sect ions 3 through 8 are considered only i f  IMON(CMC) = 1; 
i f  IPLTSG = 0 ,  sect ions 3 through 7 are included; 
i f  IPLTSG = 1, then sec t ion  8 i s  included 

ALNERR platform misalignment e r r o r s  f o r  each 
of t he  t h r e e  axes,  r ad  

DRFTR platform d r i f t  rates f o r  each axis ,  rad/sec 

ACRER accelerometer misalignment matrix , f t / s e c 2  



Section Variable Definition 

6 ABIAS accelerometer bias for each axis, ft/sec2 

7 S U E  .accelerometer scale factor for each axis 

8 SIGALN misalignment u, rad 

SIGDFT drift rate u ,  rad/sec 

SIGAAL accelerometer misalignment u ,  ft/sec2 

SIGABI accelerometer bias u ,  ft/sec2 

SIGASK accelerometer scale factor u 

9 

io - 15 

16 - 21 

This section is included only if IMON(PGNCS) = 1 or  
IMON(AGS) = 1 and IREFSMMAT = 1 

REFSMMAT See section 2 

See corresponding section in sections 2 through 8 

Sections 16 through 21 are considered only if 
IMON(AGS) = 1; if IPLTSG = 0, sections 16 through 20 
are included; if IPLTSG = 1, then section 21 is included 

See corresponding section in sections 3 through 8 

. 
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Block D Input - Thrust P r o f i l e  

1 -  

. -  

Each of t h e  t h r e e  engines ,  t h e  SPS, DPS, and A P S ,  i s  modeled by 
means of a t h r u s t  p r o f i l e .  
ses,  and each phase i s  def ined by a t h r u s t  l e v e l ,  a s p e c i f i c  impulse, 
and a t i m e  dura t ion .  

Each p r o f i l e  c o n s i s t s  of t e n  poss ib l e  pha- 

The t i m e  dura t ion  of each phase i s  spec i f i ed  by t h e  time, i n  
seconds a f te r  phase 1 i g n i t i o n ,  a t  which t h a t  phase i s  t o  end. 
s tar ts  only af ter  t h e  completion of t h e  previous phase. 
t h e  main engine phase should be input  as a l a r g e  number t o  allow com- 
p l e t i o n  of t h e  burn and main engine phase terminat ion by t h e  guidance. 

A phase 
The t i m e  of 

I The t a i l o f f  phase must be  input as phase 10 and any unused phases 
between main engine phase and t a i l o f f  are l e f t  empty. 
i npu t  f o r  t h i s  phase i s  t h e  time dura t ion  of t a i l o f f  i n  seconds. 

The phase t i m e  

An opt ion  e x i s t s  i n  t h e  main engine phase of t h e  p r o f i l e  f o r  each 
engine t o  use  a t h r u s t  level  tha t  varies l i n e a r l y  over a spec i f i ed  
t i m e .  This opt ion i s  used as follows. The t h r u s t  level  of t h e  main 
phase i s  se t  t o  t h e  level  desired at t h e  beginning of t h e  v a r i a t i o n ,  
and t h e  phase t i m e  i s  s e t  s o  tha t  t h e  phase ends at t h e  completion of 
t h e  l i n e a r  v a r i a t i o n .  The t h r u s t  l eve l  of t h e  phase after t h e  main 
phase i s  set t o  t h e  l e v e l  desired at t h e  end of t h e  l i n e a r  v a r i a t i o n .  
Because t h e  phase after t h e  m a i n  phase e s s e n t i a l l y  becomes t h e  main 
phase when t h i s  opt ion is  used, i t s  phase t i m e  i s  s e t  t o  a l a r g e  value.  

When RCS engines are requested,  t h e  program uses t h e  l e v e l s  f o r  
phase 1 of t h e  SPS and DPS f o r  the  CSM and LM, r e spec t ive ly .  
i n  t h e  RCS burns,  t h e  program ignores t h e  phase t imes.  

However, 

. 

. 

Change 1, May 20, 1969 
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When IBLOCJSD = 0, no data i s  included.in this block and the actual 
thrust p r o f i l e  is set according to the prestored parameters. 

. .  

Section 

0 

1 

2 

3 

4 

5 

6 

7 

a 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

22 

Variables 

JEFIAG(I), I = 1, 32 

ITHRC(DPS) , ITHRC(APS) , ITHROT 
IME(SPS) , IME(DPS) , IME(APS) , ITHRC(SPS) , 

THR(1, SPS), I = 1, 10 

THR(1, DPS), I = 1, 10 

THR(1, u s ) ,  I = 1, 10 

mm(1,  SPS), I = 1, 10 

PTHRF(1, DPS), I = 1, 10 

prHRE(1, ms), I = 1, 10 

SIGTHR(I, SPS), I = 1, i o  

SIGTHR(1, DPS), I = 1, 10 

SIGTHR(I, u s ) ,  I = 1, io 

SPI(I, SPS), I = 1, io 

SPI(1,  DPS), I = 1, 10 

SPI(1 ,  APS), I = 1, 10 

PSPIE(I, SPS), I = 1, io 

PSPIE(1, DPS), I = 1, 10 

PSPIE(I, APS), I = 1, i o  
SIGSPI(I, SPS), I = 1, io 

SIGSPI(1, DPS), I = 1, 10 

SIGSPI(I, A P S ) ,  I = 1, 10 

PHT(1, SPS), I = 1, 10 

PHT(1, APS), 1 = 1, 10 

PHT(1, DPS), I = 1, 10 

Format 

1615 

715 

5~10 .o 

5~10. o 

5F10.0 

5F10.0 

5F10.0 

5~10. o 

5F10.0 

5F10 .O 

5~10. o 

5 ~ 1 0  .o 

5F10.0 

5F10.0 

5~10. o 

5F10 .O 

5F10.0 

5F10.0 

5~10. o 

5F10.0 

5~10 .o 

5 ~ 1 0 .  o 
5~10. o 

Cards 

2 

- 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 



Sec t  ion 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

Variables Format 

ITHR(1, SPS), I = 1, 10 

ITHR(1, DPS), I = 1, 10 

ITHR(1, APS), I = 1, 10 

THRA(I, SPS), I = 1, i o  

THRA(1, DPS), I = 1, 10 

THRA(1, APS), I = 1, 10 

SPIA(I, SPS), I = 1, io 

SPIA(1, DPS), I = 1, 10 

SPIA(1, APS), I = 1, 10 

ENO, C 

101 5 

101 5 

101 5 

5F10.0 

5F10.0 

5~10.0 

5F10.0 

5F10.0 

5F10.0 

2F10.0 

Jards 

1 

1 

1 

2 

2 

2 

2 

2 

2 

1 
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Sect ion 

0 

1 

2-4 

5-7 

8-10 

11-13 

14-16 

17-19 

Variable 

JEFLAG 

Def in i t i on  

engine da t a  c o n t r o l  f l a g s  corresponding 
t o  sec t ions  1 through 32 of t h i s  block 
and designat ing whether t h e  corresponding 
sec t ion  i s  read 

= U use t h e  pres tored  values  f o r  t h i s  
s ec t  ion  

= 1 read  i n  t h i s  s e c t i o n  

IME t h e  number of t h e  phase i n  t h e  t h r u s t  
p r o f i l e  t h a t  i s  t h e  main engine phase 

ITHRC main engine phse t h r u s t  con t ro l  f l a g  

= 0 main engine phase t h r u s t  i s  constant  

= 1 main engine phase t h r u s t  v a r i e s  
l i n e a r l y  

ITHROT 

THR 

PTHRE 

SIGTHR 

SPI 

PSPIE 

SIGSPI 

DPS t h r o t t l i n g  con t ro l  

= 0 normal DPS operat ion 

= 1 manually t h r o t t l e d  maneuver over- 
r i d i n g  shor t  burn l o g i c  

nominal t h r u s t  l e v e l s  of each phase of 
each engine,  l b  

t h r u s t  percentage e r r o r  used t o  compute 
a c t u a l  t h r u s t  l e v e l s  from t h e  nominal 

e r r o r  u ls  used t o  compute t h e  a c t u a l  
t h r u s t  l e v e l s  from t h e  nominal, l b  

nominal s p e c i f i c  impulse of each phase 
of each engine,  sec 

percentage e r r o r s  used t o  compute t h e  
a c t u a l  spec i f i c  impulse values  from t h e  
nominal 

e r r o r  u ls  used t o  compute t h e  a c t u a l  
s p e c i f i c  impulse values  from t h e  nominal 
values ,  sec 



See t ion Variables Def in i t i on  

20-22 PHT phase times for each phase of each 
engine, sec 

23-25 ITHR con t ro l  f l a g s  on each phase of each 
engine which i n d i c a t e  how t h e  a c t u a l  
t h r u s t  and SPI a r e  t o  be computed from 
t h e  nominal for t h i s  phase 

.. 

26-28 

29-31 

32 

THRA 

SPIA 

EN0 

C 

= 0 a c t u a l  equals nominal p lus  
percentage e r r o r  

= 1 a c t u a l  equals nominal p lus  a random 
sampling of t h e  corresponding 
e r r o r  u 

= 2 a c t u a l  i s  input 

a c t u a l  t h r u s t  l e v e l  i n  LB for each phase 
where ITHR f l a g  equals 2 ;  vaibues for 
other  phases can be omitted from t h e  
input card 

a c t u a l  SPI values i n  sec for each 
phase where t h e  ITHR f l a g  equals 2; 
values f o r  a l l  o ther  phases can be 
omitted from t h e  card 

the  number of RCS t h r u s t e r s  t o  be used 

s t e e r i n g  parameter 
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Section 

1 

2 

3 

4 

5 

Block E Input - RR Data 

Variables Format Cards 

IRBIAS, INRRR, INRRA 315 1 

SIGRFCB 4315.8 1 

FlRE3IAS 4315.8 1 

' SIGRRNr, SIGF3W: 2315.8 1 

SIGRRNQ, SIGRRB 2315.8 1 

.. 

This block inpu t s  t h e  e r r o r  model f o r  t h e  rendezvous radar 
measurements, The input consis ts  of noise  and bias va lues  on each 
of t h e  four q u a n t i t i e s  measured by t h e  RR (range, range r a t e ,  s h a f t  
angle ,  t runnion a n g l e ) .  

If BLOCKE = 0 ,  no data a r e  included i n  t h i s  block. 
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.. 

Section Variable Definition 

1 IRBIAS FtR bias  control f l a g  

= 0 use pre-stored 0's t o  compute the biases 

= 1 use read i n  C T ' s  t o  compute the biases 

= 2 

range and range ra te  control f l a g  

read i n  the biases 

INRRR 

= 0 use pre-stored noise 0's f o r  range and range rake  

= 1 use i n p u t  noise 0's 

INRRA RR angle control f l ag  

I 0 use pre-stored angle noise u's 

= 1 input angle noise 0's 

2 This s e c t i o n  i s  read only i f  IRBIAS = 1 

SIGRRB u's f o r  computing t h e  RR range,  range rate, s h a f t ,  
and trunion biases; i n  f t ,  f p s ,  and r ad ,  
respec t ive ly  

3 This s ec t ion  is read  only i f  IRBIAS = 2 

RRBIAS biases  fo r  RR range, range ra te ,  and s h a f t  and 
t runion  angles;  i n  f t ,  f p s ,  and r ad ,  r e spec t ive ly  

4 This sec t ion  is  read only if  INRRR = 1 

SIGRRNr 

SIGRRN; 

u f o r  range noise ,  f t  

u f o r  range ra te  noise ,  f p s  

5 T h i s  s ec t ion  is read  only i f  INRRA = 1 

SIGRRNe 

SI  GRRN u f o r  t run ion  angle  noise ,  r ad  

u f o r  shaf t  angle  noise ,  r ad  
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Section 

1 

2 

3 

4 

Block F Input - Sextant Data 

Variable Format Cards 

ISXTB, ISXTN 215 1 

SGSX!CB 4E15.8 1 

SXTBIA 4E15.8 1 

SGSXTN 4E15.8 1 

J 

ISXTN 

This block inputs  t h e  e r ror  model for t h e  CSM sex tan t .  The input  
c o n s i s t s  of angle measurement noise and b i a s  values  for each of t h e  
t h r e e  axes of t h e  sex tan t  and f o r  t h e  VHF ranger .  

If IBLOCKF = 0, then no data a r e  read f o r  t h i s  block. 

Section Variable Definition 

1 ISXTB bias control f l ag  

= 0 use prestored u ' s  t o  compute the biases 
. .  

= 1 use input ( T I S  t o  compute the biases 

= 2 use input biases 

noise control f l ag  

=.O use prestored 6 ' s  t o  compute the noise 
values 

= 1 use input 0 ' s  t o  compute the noise values 

2 This section is read o n l y  i f  ISXTB = 1 

SGSXTB u ' s  f o r  computing sex tan t  bias values ,  rad 

3 This section is read o n l y  i f  ISXTB = 2 

SXTBIA sextant bias va lues ,  rad 

4 This section i s  read o n l y  i f  ISXTN = 1 

SOSXTN u I s  f o r  computing sextant  noise  va lues ,  rad 
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Sect ion Vwiab le s  Format Cards 

1 NLM I1 5 1 

2 XLAT, XLON, XALT 3F10.0 NLM 

d 

.. 

Block G Input - SCT Lunar Landmark Tracking 

This block inputs  t h e  lunar landmarks used f o r  CSM SCT t racking .  
Up t o  25 lunar  landmarks may be input .  
those  given i n  re ference  10. 

The pres tored  landmarks are 

This block is  included only i f  IBLOCKG = 1. 

Sect ion  Variable Defini t ion 

1 NLM t he  number of lunar  landmarks t o  be input  
t o  the  program 

2 This sec t ion  i s  read once for each landmark input  

XLAT l a t i t u d e  of landmark, deg 

XLON 

XALT 

longitude of  landmark, deg 

a l t i t u d e  o f  landmark above m e a n  lunar 
r ad ius ,  f t  
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Sec t  i on  

0 

1 

2 

3 

4 

5 

6 

7 

8 

Block H Input - Lunar Ascent and Descent Data 

Variables Format Caxds 

1 

1 

1 

1 

1 

3 

1 

3 

1 

JHFLAG(I), I = 1, 4, LSA, LSE 

LONLS, LATLS, ALTLS 3 ~ 1 0 .  o 

HA, H P y  TRUE, YDD, Y D y  A$ 6 ~ 1 0 .  o 

K (DPS), K ~ ( D P S ) ,  K*(DPS), K ~ ( D P S )  4~15 .8  

K ( U S ) ,  K1(@S), K2(@S), K3(mS) 4315.8 

COVLSA 3~15.8 

COVLSE 3E15. 8 

61 5 

0 

0 

DXLSA 3F10.0 

DXLSA 3F10.0 

This block providds input  needed t o  perform powered descent ,  ascent  
from t h e  lunar  sur face ,  and ascents t h a t  fol low abor t s  from powered 
descent.  The re ference  landing s i t e  which i s  used t o  t a r g e t  powered 
descent and t o  form t h e  a c t u a l  landing s i t e  f o r  a scen t s  from t h e  su r face  
i s  defined i n  sec t ion  1. Inse r t ion  t a r g e t s  f o r  ascents  from t h e  su r face  
are input  i n  sec t ion  2,  while ascents t h a t  fol low descent abor t s  use 
t h e  K cons tan ts  i n  sec t ions  3 and 4 t o  compute t h e  des i r ed  i n s e r t i o n  
condi t ions .  

, 

... 

I f  IBLOCKH = 0 ,  no da ta  i s  included i n  t h i s  s ec t ion .  
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Sect ion 

0 

Variable 

JHFLAG 

- .. 
LSA 

LSE 

-- 

Defin i t ion  

flags t h a t  designate  whether s ec t ions  
1 through 4 of t h i s  block a r e  t o  be 
input  

' = O  do not  read i n  this sec t ion  

= 1 read i n  t h i s  s ec t ion  

a c t u a l  landing s i t e  designat ion flag 

= o  

= l  

= 2  

= 3  

ac tua l  landing s i t e  i s  com- 
puted from performing descent 

a c t u a l  landing s i t e  equals  
t he  re ference  landing s i t e  

t he  a c t u a l  landing s i t e  equals 
t h e  re ference  landing s i t e  p lus  
a random sampling of t h e  co- 
vaziance matr ix  COVLSA 

t h e  ac tua l  landing s i t e  equals 
t h e  re ference  landing s i t e  
p lus  an input  d i spers ion  

estimated landing s i t e  designat ion 
f l a g  

= o  

= 1  

= 2  

= 3  

the  estimated landing s i t e  
i s  computed from performing 
descent 

t he  estimated landing s i t e  
equals t he  a c t u a l  landing si te 

the  estimated landing s i te  
equals t he  a c t u a l  landing s i t e  
p lus  a random sampling of t he  
covariance matr ix  COVLSE 

t he  estimated landing s i t e  
equals the a c t u a l  l a n d h g  s i t e  
p lus  an input  d i spers ion  
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Sect  i on  Variable Def in i t ion  

2 

3 

This sec t ion  i s  included only i f  JHFLAG(1) = 1 

LONLS selenographic longitude of t he  r e f -  
.erence landing s i t e ,  deg 

LATLS selenographic l a t i t u d e  of t h e  r e f -  
erence landing s i t e ,  deg 

ALTLS a l t i t u d e  of t he  re ference  landing 
s i te  above mean lunar radius, n. m i .  

This sec t ion  is included only i f  JHFLAG(2) = 1 

HA 

I€e 

des i red  apogee height  of ascent i n se r -  
t i o n  o r b i t ,  n. m i .  

des i red  per igee he ight  of ascent  
i n s e r t i o n  o r b i t ,  n. m i .  

TRUE des i red  t r u e  anomaly at i n s e r t i o n ,  deg 

YDD 

YD 

des i red  out-of-plane dis tance at  
inser t iom,  f't 

des i red  out-of-plane ve loc i ty  at 
i n s e r t i o n ,  f p s  

des i red  phase angle a t  i n s e r t i o n  
i n  deg; used i f  t h e  l i f t - o f f  time 
i s  t o  be ca lcu la ted  by t h e  program 

This sec t ion  is included only i f  JHFLAG(3) = 1 

KO, K1, K2, K3 constants  used t o  ca l cu la t e  t h e  
vaz iab le  i n s e r t i o n  t x r g e t s  used for 
DPS powered ascents  following abort  
from powered descents 
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a 

Sect  i on  

4 

5 

6 

7 

8 

Variable Def in i t ion  

This sec t ion  i s  included only i f  JHFLAG(4) = 1 

Koy K1, KZy K3 -APS constants  corresponding t o  t h e  
DPS constants  of s ec t ion  3 

This sec t ion  i s  included only i f  LSA = 2 

COVLSA 3-by-3 covariance matr ix  i n  f e e t  
i n  UVW coordinates f o r  ca l cu la t ion  of 
t h e  ac tua l  landing s i t e  from t h e  
re ference  landing s i t e  

T h i s  s ec t ion  i s  included only i f  LSA = 3 

DXLSA d ispers ions  i n  f e e t  i n  selenographic 
coordinates  added t o  t h e  re ference  
landing s i t e  t o  form t h e  a c t u a l  
landing s i t e  

This sec t ion  i s  included only i f  LSE = 2 

COVLSE 3-by-3 covariance matr ix  i n  f e e t  
i n  UVW coordinates f o r  ca l cu la t ion  of 
t h e  estimated landing s i t e  from t h e  
a c t u a l  landing s i t e  

This sec t ion  i s  included only i f  LSE = 3 

DXLSE dispers ion  i n  f e e t  i n  selenographic 
coordinates  added t o  t h e  a c t u a l  
landing s i t e  t o  form t h e  est imated 
landing s i t e  



Block EVENT Input - Basic EVENT Input 

b 

Sect  i o n  

3 

Block EVENT i n i t i a t e s  each event package i n  t h e  des i r ed  mission 
p r o f i l e .  
blocks LEC1, LEC2, LEC3, or LECh where t h e  s p e c i f i c  input f o r  t h e  re -  
quested event i s  read.  Upon completion of t h e  reading of t h e  s p e c i f i c  
LEC block, t h e  program re tu rns  t o  t h i s  block t o  read t h e  next event 
package. The,branching t o  t h e  LEC blocks and t h e  r e t u r n  t o  block EVENT 
i s  continued u n t i l  an LEC = 5 i s  encountered, which s i g n i f i e s  t h e  end 
of t h e  input  t o  t h e  program. 

The input  i n  t h i s  block r o u t e s  t h e  program t o  one of t h e  

I 

Variables Format Cards 

Comment card 10~6 1 

When KTHR = 1, t h e  program reads block NEWTHR before  it branches 
t o  t h e  LEC blocks.  

2 U C ,  LEX, ICOM, I V E H ,  I E N G ,  I T E V ,  ISAM, 
IPRINT, KXST, KTHR, IEX, I T D V ,  I P N ,  IDISPLY 
KTARG 1515 1 

3 

4 

JSFLAG 81 5 1 

JDFLAG 1015 1 

Sec t ion  Variable 

1 

Def in i t i on  

a comment card which contains any in fo r -  
ma t ion  t h e  user  wishes t o  be displayed 
f o r  t h i s  event 

2 LEC, LEN these  flags spec i fy  t h e  event t o  be done 

LEC = 1 t h e  event i s  a maneuver 

LEN = 0 t a r g e t  AV maneuver 

= 1 e x t e r n a l  AV maneuver 

= 2 s t a b l e  o r b i t  i n i t i a t i o n  maneuver 

= 3 s t a b l e  o r b i t  midcourse maneuve.r 

= 4 s t a b l e  o r b i t  rendezvous maneuver 



Sect ion Variable  

39 

Defini t ion 

= 5 CSI maneuver 

= 6 CDH maneuver 

TJ 7 TPI maneuver 

= 8 TPM maneuver 

= 9 d i r e c t  t r a n s f e r  t o  input  t a r g e t  

= 10 Direct i n t e r c e p t  maneuver 

= 11 Braking 

= 12 DO1 maneuver 

= 13 lunar descent 

= 14 lunar ascent 

= 15 plane change maneuver 

= 16 TPI search 

= 17 NCC maneuver 

= 18 NSR maneuver 

= 19 staging maneuver 

= 20 lunar descent with abort  followed 
by powered ascent 

= 21 C S M  lunar o r b i t  plane change 

= 22 N C 1  - NSR sequence 

= 23 N C 1  - NH - NSR sequence 

= 24 NH - N C l  - NSR sequence 

= 25 NH - NSR sequence 

= 26 LM i n s e r t i o n  cor rec t ive  ( o r  tweak) maneuver I LEC = 2 t h e  event i s  an alinement 

Change 2 ,  June 23, 1969 



Sect ion  Variable 

40 

Defini t ion 

LEN = 0 realinement 

= 1 l o c a l  v e r t i c a l  alinement 

= 2 LM nominal alinement 

= 3 l ine-of  - s igh t  alinement 

= )c prefer red  alinement 

= 5 landing s i t e  alinement 

= 6 a l i g n  AGS platform t o  the  present  
PGNCS plat  f o m  

LEC = 3 the  event i s  an update event 

LEN = 0 discontinue monitoring the 
computer designated by ICOM 

= 1 vector  t r a n s f e r  from one computer 
t o  another  

= 2 onboard t racking  update 
(sampling from a covariance matrix ) 

= 3 MSFN i q d s t e  (sampling from a 
12-by-12 covariance matr ix)  

= 4 MSFN update (sampling a 6-by-6 co- 
variance matr ix)  

LEC = 4 the  event i s  a n  update event 

LEN = 0 rendezvous radar  data  d isp lay  
(no a c t u a l  updates are made) 

= 1 rendezvous radar  update 

= 2 sextant vehic le  t o  veh ic l e  update 

= 3 lunar  landmark t razking  

LEC = 5 end of case ( t h i s  i s  the  l a s t  
data card)  

Change 1, May 20, 1969 
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Sect i o n  Variable De f i n i t  ion  

ICOM spec i f ies  t h e  compzter doing the event 

= 1 CMC 

= 2 LM PGNCS 

= 3 LM am 

= 5 a c t u l  s t a t e  (usable  o n l y  i n  
vector repla Zement s ) 

IVZH 

IE NG 

ITEV 

ISAV 

spec i f ies  t h e  vehicle  <floing t h e  event 

= 1 CSM 

= 2 LM 

engine used f o r  the maneuver 

f o r  CSM 
= 1 RCS 

= 2 SPS 

f o r  LM 
= 1 RCS 
= 2 D?S 
= 3 ADS 

evznt t i m e  a m r c e  ( f o r  ITZV > O, see 
t h e  discussion on e v a t  times a t  t h e  
end ,2f t h i s  s e c t i o n )  

= 0 the t i m e  i s  input 

= 3 the time i s  program 'mmputed 

reference point  des igriation 

= 0 t h i s  i s  not a reference point  

= 1 campite r e f e r e n x  point  data  for 
the  estimated s t a t e  only 

= 2 csmp:ite referen?? point  dqta  f o r  
both the  es:imated and ac t lml  s t a t e s  

Change 1, May 20 ,  1969 
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Sect ion  Var i ab l e  Def in i t i on  

.. 

' KEST 

= 0 use onboard coas t ing  i n t e g r a t o r  

= 1 use t h e  A E G  

= 3 compute t h e  maneuver t a r g e t i n g  
so lu t ions  and d i f f e rences  requested 
by JSFLAG and JDFLAG 

= 4 compute a l l  maneuver t a r g e t i n g  
so lu t ions  and d i f f e rences  

= 5 t h i s  i s  a nonmaneuver re ference  
poin t  

IPRINT p r i n t  con t ro l  f l a g  

= 0 minimum output 

= 1 f u l l  output p r i n t  

= 2 debug and ohter  s p e c i a l  p r i n t  

estimated s t a t e  propagation f l a g  

KTm 

IEX 

t h r u s t  model c o n t r o l  f l a g  

= 0 continue with present  t h r u s t  model 

= 1 read i n  new t h r u s t  model through 
block NEWTHR 

maneuver execution c o n t r o l  

= 0 execute t h e  maneuver trimming 
r e s i d u a l s  t o  zero 

= 1 execute t h e  maneuver wi th  t r i m  

= 2 execute t h e  maneuver without 
trimming any r e s i d u a l s  

= 3 execute t h e  maneuver without trim- 
ming any r e s i d u a l s  and introduce 
random poin t ing  e r r o r s  i n t o  t h e  
s t a t e  



Sect ion 

ITDV 

Variable  Def in i t ion  

= 4 do not execute t h e  maneuver 

= 5 execute t h e  maneuver impulsively 

monitored computer update 

- .  
- .  

IPN 

= 0 i n  addi t ion  t o  performing t h e  ma- 
neuver with t h e  designated primary 
computer, update t h e  states of o ther  
monitored computers by means of 
t h r u s t  monitoring o r  t a r g e t  AV pro- 
c edur e s 

= 1 do not e f f e c t  updates on t h e  non- 
primary monitored computers 

out-of-plane v e l o c i t y  nu l l ing  f l a g  

= 0 do not n u l l  t h e  out-of-plane 
ve loc i ty  

= K remove t h e  out-of-plane v e l o c i t y  
based on t h e  est imated s t a t e s  of 
computer K 

IDISPLY display f l a g  

= 0 no d isp lay  given 

= 1 disp lay  Ahh da t a  

KTARG 

= 2 d isp lay  c loses t  approach da ta  

D K I  sequence f l a g  (used only i n  D K I  
events ) 

= 0 f i rs t  maneuver i n  a D K I  sequence 
with maneuver t imes input  

= 1 firs t  maneuver i n  a D K I  sequence 
with maneuver t imes computed from 
a counter l i n e  

= 2 maneuver a f t e r  t h e  f i r s t  maneuver 
i n  a D K I  sequence; r e t a r g e t  maneu- 
ver  AV 

= 3 maneuver a f t e r  t h e  f i r s t  maneuver 
i n  a D K I  sequence; use previously 
computed AV values 

Change 1, May 20 ,  1969 
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Sect  i on 

3 

Variable Def in i t i on  

Sect ions 3 and 4 are included only i f  ISAM = 3 

J S F L A G  requested so lu t ion  f l a g s .  The progrmn 
can compute e igh t  d i f f e r e n t  so lu t ions  
f o r  each maneuver , each designated 
by t h e  corresponding J S F L A G .  The 
poss ib l e  so lu t ions  are as follows. 

J S F L A G (  1) - CMC 

J S F L A G ( 2 )  - PGNCS 

J S F L A G ( 3 )  - AGS 

J S F L A G (  5 )  - ACT/CMC 

J S F L A G ( 6 )  - ACT/PGNCS 

J S F L A G (  7 )  - ACT/AGS 

JSFLAG( 8)  - ACT/ACT 

The va lues  of t h e  J S F L A G ' s  are as 
follows . 
= 0 do not  compute t h e  corresponding 

so lu t ion  

= 1 compute t h e  so lu t ion  

I = 2 compute t h e  so lu t ion  based on t h e  
ICOM computer t i m e  (used only f o r  
CDH maneuvers) 

Change 2 ,  June 23, 1969 



Sect  ion  Variable  

45 

Def in i t ion  

4 JDFLAG 

. -  

This f l a g  designates  which d i f fe rences  i n  
maneuver t a r g e t i n g  a r e  t o  be displayed. 
The poss ib le  d i f fe rences  are as fol lows,  

JDFLAG ( 2 )  - PGNCS minus ACT/PGNCS targeting 

JDF~AG (1) - CMC minus ACT/CMC 

JDFLAG (3)  - AGS minus ACT/AGS 

JDFLAG ( 4 )  - RTCC minus ACT/ACT 

JDFLAG ( 5 )  - CMC minus PGNCS 

JDFLAG ( 6 )  - CMC minus AGS 

JDFLAG ( 7 )  - CMC minus RTCC 

JDFLAG (8)  - PGNCS minus AGS 

JDFLAG ( 9 )  - PGNCS minus RTCC 

JDFLAG (10) - AGS minus RTCC 

errors 

t a r g e t  ing 
d i f fe rences  

I I 
The values of JDFLAG a r e  as fol lows.  

= 0 do not d i sp lay  t h e  given 
d i f fe rence  

= 1 disp lay  t h e  d i f f e rence  

On maneuvers with f ixed t imes so lu t ions ,  5 through 8 above 
become i d e n t i c a l  and only so lu t ion  8 should be requested 
i n  s e t t i n g  J S F L A G .  
through 7 can s t i l l  be requested i n  s e t t i n g  JDFLAG because 
t h e  program w i l l  subs t i t u t e  so lu t ion  8 i n  t h e i r  place.  

Differences involving so lu t ions  5 
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EVENT TIME SOURCES 

ITEV = 1 (TNEXT Table) 

When ITEV = 1 the time of the requested event is taken as TNEXT where 
TNEXT has been calculated by a previously executed maneuver event. A 
given TNEXT will continue in effect until it is replaced by a new one. 
However, it should be remembered that not all maneuvers define TNEXT. 
The table below indicates the maneuvers that define TNEXT and how it is 
defined . 
LEN Maneuver TNEXT definition 

7,12 
2 

5 
6 
7 
12 

13 
14 

17 
20 

21 

22 

23 
24 

25 

maneuvers with IEX = 4 
so1 
CSI 

CDH 
TPI 

DO1 
descent 

ascent 
NCC 

des cent abort 

CSM plane change 

NC1, NSR sequence 

NC1, NH, NSR sequence 
NH, NC1, NSR sequence 

NH, NSR sequence 

I time of unexecuted maneuver 

time of SOR 

time of CDH 

time of TPI 

time of TPF 

time of DO1 plus 180° 

time of touchdown 

insertion plus 50 minutes 
time of NSR 
insertion plus 50 minutes 

time of passage over landing 

time of NSR 

time of NH 

time of NC1 

time of NSR 

site 

I ITEV = 3 (Program Computed Times) 

When ITEV = 3, the maneuver time is computed based on logic particular 
to the event in question. The table below gives the special maneuver time 
options available. 

Change 1, May 20, 1969 



LEN Event Def in i t ion  

a 

# 

a 

a 

1 

5 

14 

ex te rna l  AV program computed e x t e r n a l  AV maneuver 

CSI 

ascent 

CSI at  an aps i s  ( i npu t  TCSI as a threshold 
t ime ) 

l i f t - o f f  t i m e  computed from des i red  phase 
des i red  phase angle  a t  i n s e r t i o n  

Block NEWTHR Input - New Thrust P r o f i l e  

The reading of t h i s  block changes t h e  t h r u s t  p r o f i l e  f o r  t h e  engine 
spec i f i ed  by t h e  values  of IVEH and I E N G .  On each subsequent event i n  
t h e  p r o f i l e  t h e  program w i l l  continue t o  use t h e  new t h r u s t  p r o f i l e  f o r  
t h e  given engine u n t i l  t h i s  block i s  again read f o r  t h a t  engine. 

This block i s  read only when KTHR = 1. 

Sect  ion 

0 

5 

6 

7 

a 
9 

10 

11 

12 

Variable 

JEFLAG 

IME, ITHRC, ITHROT 

ITHR(I ) ,  I = 1, 10 

THR(I) ,  I = 1, 10 

SPI(I), I = 1, i o  

PHT(I), I = 1, 10 

THRA(I), I = 1, 10 

SPIA(I), I = 1, i o  

PTHRE(I), I = 1, 10 

PSPIE(I), I = 1, i o  

SIGTKR(I), I = 1, i o  

SIGSPI(I), I = 1, i o  

ENO, C 

Format 

121 5 

31 5 

1015 

5F10.0 

5 ~ 1 0 .  o 

5 ~ 1 0  o 

5 ~ 1 0  Do 

5 ~ 1 0 .  o 
5 ~ 1 0  o 

5 ~ 1 0 .  o 

5F10.0 

5 ~ 1 0 .  o 

2FIO. 0 

Cards 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 
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Sec t  ion 

0 

Variable  

JEFLAG 

Def in i t i on  

engine da t a  c o n t r o l  f l a g s  t h a t  correspond 
t o  s ec t ions  1 through 1 2  of t h i s  block 
and t h a t  des igna te  whether t h e  c o r r e s y - '  i 
ponding s e c t i o n  i s  t o  be read 

= 0 continue with present  values 
f o r  t h i s  s ec t ion  . 

= 1 read  i n  new va lues  for t h i s  
s ec t ion  

1 

2 

0 

3 

4 

IME: 

ITHRC 

ITHROT 

ITHR 

THR 

SPI 

phase number of t h e  main engine phase 

main engine phase t h r u s t  con t ro l  

= 0 main engine phase t h r u s t  i s  
constant 

= 1 main engine phase t h r u s t  v a r i e s  
l i n e a r l y  

DPS t h r o t t l i n g  f l a g  

= 0 normal DPS operation 

= 1 manually t h r o t t l e d  maneuver 
over r id ing  shor t  burn log ic  

designates how t h e  a c t u a l  t h r u s t  and 
SPI a r e  determined f o r  each phase of 
each engine 

= 0 a c t u a l  t h r u s t  and SPI equal 
nominal plus percentage e r r o r s  

= 1 a c t u a l  t h r u s t  and SPI computed 
from nominal and e r r o r  IS 'S 

= 2 a c t u a l  t h r u s t  and SPI va lues  a r e  
input 

nominal t h r u s t  l e v e l s  f o r  each phase, l b  

nominal s p e c i f i c  impulse l e v e l s  for each 
phase,' sec 
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Sect ion 

5 

6 

7 

8 

9 

10 

11 

12 

Var i ab1 e 

PHT 

THRA 

SPIA 

PTHRE 

PSPIE 

SIGTHR 

SIGSPI 

EN0 

C 

Defin i t ion  

phase t imes f o r  each phase, sec  

.actual  t h r u s t  l e v e l s  f o r  each phase, l b  

actual  s p e c i f i c  impulse values  f o r  each 
phase, sec  

percentage e r r o r s  i n  t h e  t h r u s t  f o r  each 
phase 

percentage e r r o r s  i n  t h e  s p e c i f i c  impulse 
for  each phase 

e r ro r  0 ' s  f o r  (computation of t h e  a c t u a l '  
t h rus t  values  f o r  each phase,  I b  

error  0 ' s  f o r  computation of t h e  a c t u a l  
SPI values  f o r  each phase,  sec 

number of R C S  t h r u s t e r s  t o  be used 

s teer ing  parameter 



Block LECl Input - Maneuver Event 
Block LECl provides the input needed to perform a specific maneuver 

in the mission profile. 
When LEN equals zero, the block is not read. 

Only one section of this block will be read. 

For each maneuver event, the ignition time and impulsive AV computed 
for the primary computer are saved in the program until a subsequent ma- 
neuver replaces tham. 
maneuvers (LEN = 0) and program-computed external AV maneuvers (LEN = 1, 
ITEV = 2) .  
but not executed in one computer and then executed in another computer. 

The stored time and AV are applied in target AV 

Program-computed external AV maneuvers are maneuvers computed 

The DKI sequence has the option to use what is called a counter line 
to establish its maneuver times. 
three ways: at the threshold time THCL, at the first apsis after the 
threshold time THCL, or at a delta time DTCL off the first apsis after 
the threshold time THCL. When using the counter line option, maneuver 
times.are designated by specification of the number of the counter line. 
crossing at which the maneuver is to OCCLW. 

The counter line may be established in 
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This block is read when LEC = 1. The only sec t ion  of t h e  block read i s  t h e  
s e c t i o n  t h a t  corresponds t o  t h e  value of LEN. 

Sec t ion  

1 

2 

3 

4 

5 

6a 

6b 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17a 
17b 

17 c 

18a 

18b 

19 

Variables  

!EVENT, DVX, DVy., DVZ 

TSOI, w t ,  A# 

6 t  

w t  

TCSI , TTPI , NCDH, EL 

TCDH 

TTPI,  EL, TBIAS 

TTPI,  EL, w t ,  TDELT 

6 t  

TEVENT, 6 t ,  XTARG, YTARG, Z'I'ARG 

TEVENT, 6t 

Undefined at  t h i s  time 

TDOI 

TEVENT 

TLO, WHTTLO 

TPC 

Undefined at t h i s  time 

IROUTE 

TNCC, TNSR, TSHIFT(NCC) , TSHINC(NCC) 

TSHINC ( T P I )  

DH, DHMIN, DHMAX, DHINC, DPH, DPHMIN, 
DPHMAX, DPHINC 

TNSR 

TSHIFT, TTPI,  EL 

TEVENT, WAF'TER, AREA, DVX, DVY, DVZ 

TSHIFT(NSR) , TSHINC(NSR), TSHIFT(TPI) 

Format 

4F10.0 

3~10. o 

F10 .O 

F1O.O 

4F10.0 

F10 .O 

3F10 .O 

4F10.0 

F10 .O 

5~10. o 

2F10.0 

F10 .O 

F10 .O 

2F10.0 

F10 .O 

I5 

8~10 .o 

8~10. o 
F10 .O 

3~10. o 

6~10.0 

Cards 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1- 

1 

1 

1 

1 

1 

1 

1 

Change 2 ,  June 23, 1969 
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Section 

20 

21 

22a 

22b 

22c 

23a 

23b 

23c 

24a 

24b 

24c 

25a 

25b 

25c 

26 

V a r i a b l e s  

TEVENT, TABORT, TSTAGE, WSTAGE, WAFTER 
RDOT 

TEVENT, TLO 

DHD, THCL, TTPI ,  EL, DTCL 

N1,  N 2 ,  N 3  

TN1, TN2, TN3 

DHD, THCL, TTPI ,  EL, DTCL 

N1,  N 2 ,  N 3  

TN1, TN2, TN3 

DHD, THCL, TTPI ,  EL, DTCL 

N1,  N2,  N 3  

TN1, TN2, TN3 

DHD, THCL, TTPI,  EL, DTCL 

N 1 ,  N2,  N 3  

TN1, TN2, TN3 

TJi'VENT, K ,  TTPI ,  NCDH, EL, DHD 

F o r m a t  . 

6 ~ 1 0 .  o 

2F10.0 

5F10.0 

315 

3 ~ 1 0 .  o 

5F10.0 

31 5 

3F10.0 

5F10.0 

315 

3 ~ 1 0 .  o 

5F10.0 

31 5 

3F10.0 

6~10. o 

Cards 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

I 
. 

Change 2 ,  June 23, 1969 



53 

. 

Sect ion  

1 

2 

5 

Variable Def in i t i on  

This sec t ion  i s  read only i f  ITEV = 0 

TEVENT time of t h e  maneuver i n  sec  

DVX x component of  A V ( L V ) ,  f p s  

DW Y component of AV(LV) , f p s  

DVZ z component of A V ( L V ) ,  f p s  

TSOI time of t h e  maneuver, sec  

u t  

6 t  

u t  

TCSI 

TTPI 

NCDH 

passive veh ic l e  t r a v e l  angle  between SO1 
and SOR maneuvers, deg 

des i red  phase angle  a t  SOR,  deg, or 
des i red  displacement d i s t ance  a t  SOR , f t  

d e l t a  t ime from SO1 t o  t h e  midcourse 
maneuver , min 

passive veh ic l e  t rave l  angle  between 
SOR and t h e  time of o r b i t  i n t e r s e c t i o n  
measured, deg 

t i m e  of CSI, sec  

t i m e  of TPI, sec 

aps i s  a f t e r  CSI where CDH i s  t o  occur. 
I f  NCDH i s  input  negat ive CDH occurs 
NCDH mul t ip les  of 180° from CSI 

EL des i red  e l eva t ion  angle  a t  TPI, deg 

6a 

6b 

This s ec t ion  i s  included only i f  ITEV = 0 

TCDH t i m e  of CDH, sec  

TTPI time of TPI , sec 

EL des i r ed  e l eva t ion  angle a t  TPI, deg 

TBIA3 CDH t i m e  b i a s ,  sec  
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Sect  ion  Variable Def in i t ion  

7 TTPI TPI threshold t ime,  sec 

. 
8 

9 

, 

10 

12 

13 

14 

1 5  

EL 

u t  

desired e leva t ion  angle ,  deg; i f  EL = 0 
then  t h e  maneuver i s  done on t h e  input  
threshold time 

passive veh ic l e  t r a v e l  angle  between 
TPI and TPF , ' deg (used by a l l  computers 
except AGS ) 

TDELT time from TPI t o  TPF, sec ( f o r  AGS) 

6 t  d e l t a  t ime from TPI t o  TPM, min 

TEVENT time of t r a n s f e r  maneuver, sec 

6 t  time from t r a n s f e r  t o  i n t e r c e p t ,  min 

XTARG X component of t a r g e t  p o i n t ,  f t  

YTARG Y component of t a r g e t  p o i n t ,  f t  

ZTARG Z component of t a r g e t  p o i n t ,  f t  

TEVENT time of t r a n s f e r  maneuver, sec 

6 t  time from t r a n s f e r  t o  i n t e r c e p t ,  min 

TDOI threshold time of D O 1  maneuver, sec 

This s ec t ion  is  included only i f  ITEV = 0 

TEVENT time of powered descent i n i t i a t i o n ,  sec 

TLO l i f t - o f f  t ime,  sec  

WHTTLO l i f t o f f  weight of TAM, l b  

This sec t ion  i s  included only i f  ITEX = 0 

TPC time of plane change maneuver, sec 

IROUTE NCC-NSR processor rou te  

= 0 vary NSR time t o  hold TPI t ime ( f a s t  
computation r o u t e )  

= 1 vary NSR time t o  hold TPI t i m e  (s low 

Change 2 ,  June 23, 1.969 
computation r o u t  e 1 



Sect  ion  

17b 

Variable Def in i t i on  

= 2 hold NSR t i m e  and vary TPI t i m e  

= 3 vary NCC and NSR times, ignore TPI t i m e  

TNCC nominal NCC t i m e  

TNSR nominal BSR time 

TSHIFT time t h e  given maneuver i s  allowed t o  s l i p  

TSHINC increment t h e  given maneuver i s  allowed t o  I 
s l i p .  
one-f i f th  t h e  corresponding TSHIFT value.  ) 

(Each TSHINC must not be less than  

DH nominal Ah, n.  m i .  

.. 

17c 

DHMIN minimum Ah, n .  m i .  

DHMAX maximum Ah, n. m i .  

DHINC Ah increment , n. m i .  I 

I 

nominal A$, deg DPH I , 

DPHMIN minimum A @ ,  deg I 

DPHMAX maximum A$, deg 

DPHINC A$ increment, deg 

18a 

1811 

19 

This sec t ion  is included only i f  ITEV = 0 

TNSR t i m e  of NSR, sec  

TSHIFT t i m e  t h a t  NSR i s  allowed t o  s h i f t  t o  ob ta in  
the  des i r ed  e leva t ion  angle  a t  TPI, sec  

TTPI t i m e  of TPI, sec  (not  needed i f  TSHIFT = 0 )  

EL desired e leva t ion  angle  a t  TPI, deg (not  
needed i f  TSHIFT = 0 )  

TEVENT t i m e  of s tag ing ,  s ec  

WAFTER weight of veh ic l e  after s t ag ing ,  l b  

AREA area of L,M a f te r  descent  s tag ing ,  f t 2  



56 

Section Variable Definition 

20 

21 

22a 

. 

22b 

DVX x component of staging maneuver AV( LV) , fps 
DVY 

DVZ 

Y component of staging maneuver AV(LV), fps 

z component of staging maneuver AV(LV), fps 
TEVENT threshold time for powered descent in sec 

TABORT time from powered descent initiation at 
which abort occurs, sec 

TSTAGE maximum time from powered descent initia- 
tion at which staging is to occur, sec 

WSTAGE weight of vehicle at which staging is to 
occur, lb 

WAFTER weight of vehicle after staging, lb 

RDOT desired radial rate at insertion 

TEVENT threshold time for CSM plane-change maneuver 
TLO desired lift-off time of LM, sec I 
This section is included only if KTARG < 2 

DHD desired Ah at NSR, n. mi. 

THCL threshold time for establishing the DKI 
counter line, sec 

TTPI desired TPI time, sec 

EL desired elevation angle at TPI, deg 

DTCL time the counter line is to be moved off 
the first apsis crossing after THCL if 
DTCL > 5000 sec; establish counter line 
at THFL 

This card is included only if KTARG = 1 

N1 number of the counter line crossing after 
the counter line establishment at which 
ths-.first maneuver in the DKI sequence is 
to occur. (N1 0 where the zero crossing 
designates the crossing at which the counter 
line was established) 

Change 2, June 23, 1969 
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, 

Sect ion Variable Definition 

22c 

23 

24 

25 

26 

N2 

N 3  

the number of counter line crossings'after 
the first maneuver at which the second 
maneuver will occur 

the number of counter line crossings after 
the second maneuver at which the third 
maneuver will occur 

This section is included only if KTARG = 0 

TN1 time of first maneuver of a DKI sequence 
in seconds 

TN2 time of second maneuver of a DKI sequence 
in seconds 

TN3 time of third maneuver of a DKI sequence 
in seconds 

See section 22 

See section 22 

See section 22 

TEVENT time of maneuver, see 

K weighting factor used to compute the 
maneuver based on the Ah error 

TTPI time of TPI, sec 

NCDH see section 5 

EL desired elevation angle at TPI, deg 

DHD desired Ah at CDH, n. mi. 

Change 2 ,  June 23, 1969 
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Block LEC2 Input - Alinement Event 

AST can compute t h e  REFSMMAT f o r  s eve ra l  d i f f e r e n t  - 3 r m s  o f  
alinement.  REFEDMAT i s  t h e  transformation matr ix  from t h e  bas i c  r e f e r -  
ence coordinates t o  t h e  IMU assuming a pe r fec t  alinement. Platform 
misalinement and d r i f t  e r r o r s  a re- in t roduced  i n  t h e  programs where they 
are t o  be used. The realinement option does not change t h e  REFSMMAT, I . 
but  a new misalinement i s  computed and t h e  d r i f t  r a t e s  b u i l t  up because 
t h e  o r i g i n a l  alinement i s  removed and begins bui ld ing  up again from t h e  
realinement t i m e .  

The following platform coordinate systems a r e  used i n  var ious p a r t s  
of t h e  AGAST program. 

1. The CSM IMU nominal alinement o r  l o c a l  v e r t i c a l  (LV)  coordinates  

X-axis - i n  t h e  d i r ec t ion  of motion perpendicular t o  t h e  rad ius  
vector  

Y-axis - opposi te  t h e  d i r ec t ion  of t h e  angular momentum vec tor  

Z-axis - downward along t h e  rad ius  vector  

2. The LA! IMU nominal alinement coordinates 

X-axis - outward along t h e  rad ius  vector  

Y-axis - downward along t h e  angular momentum vector  

Z-axis - i n  t h e  d i rec t ion  of motion perpendicular t o  t h e  rad ius  
vec tor  

3 ,  Line-of -s ight  (LOS ) coordinates 

X-axis - along t h e  l i n e  of s igh t  t o  t h e  o ther  spacecraf t  

Y-axis - i n  t h e  d i r ec t ion  of t h e  vector  formed by crossing t h e  
rad ius  vector of t h e  o ther  veh ic l e  i n t o  t h e  space- 
c r a f t  radius  vector  

Z - a x i s  - along ( X  x Y> 
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Variables Format Cards ’ Section 
- 

F1O.O 1 1 TEVENT 
I 

4. Prefer red  alignment coordinates 

d 

. 

X-axis - along t h e  t h r u s t  vec tor  

Y-axis - along t h e  vector  formed by cross ing  t h e  t h r u s t  vec tor  
i n t o  t h e  radius vec to r  

Z-axis - along ( X  x Y )  

5. UVW coordinates  

U-axis - upward along the  rad ius  vec tor  

V-axis - i n  t h e  d i r ec t ion  of motion perpendicular t o  t h e  
rad ius  vector  

W-axis - upward along the angular momentum vec tor  

6. Landing s i t e  alignment 

X-axis - from center  of moon through t h e  landing s i t e  

Y - a x i s  - along ( Z  x X )  

Z - a x i s  - along t h e  vector formed by cross ing  t h e  CSM angular 
momentum vector i n t o  t h e  X axis 
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Block LEC3 Input - Vector Replacement Event 

The purpose of t h i s  block is t o  update e computer's es t imated 
s t a t e  with a vec tor  replacement. 
a covariance matrix or by s e t t i n g  the  est imate  equal  t o  an estimate of 
another  computer or vehic le .  I C R  and IVR de f ine  which computer and 
veh ic l e  t h e  es t imate  i s  taken from and I C O M  and IVEH (block EVENT) 
de f ine  t h e  computer and veh ic l e  of the  s t a t e  t h a t  i s  t o  be replaced.  

' 

The update i s  accomplished by sampling 

This block i s  read only i f  LEC = 3. 

S e c t  ion Variab les  

TEVENT 

I C R ,  IVR 

IROT, IU?DATE( CMC) , Iul3DATE(PGNCS), 
IUl3DATE ( AGS) , IUPDATE ( RTCC) 
COVm 

COVMSFN 

Format 

F1O.O 

21 5 

515 

MATRIX 

MATRIX 

- 
Cards 

1 

1 

1 

6 

5 or 18 - 

Change 1, May 20, 1969 
Change 2 ,  June 23, 1969 
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Sect ion  

1 

2 

3 

, 

c 

Variable Ikf i n i t  ion  

TEVidNT t i m e  of the event ,  see 

This s i c t i o n  i s  read only i f  LEN -= 1 

I C R  

I VR 

source from which t h e  vec tor  i s  t o  
be taken 

= 1 CMC 
= 2 LM PGNCB 
= 3 LM 4GS 
= 4 RTCC 
= 5 Actus1 

vehic le  xhich i s  t o  be taken 

= 1 CSM 

= 2 LM 

Tiis sec t ion  i s  read only i f  LEN f 1 

I ROT d e a i q a t e s  coordinate system of t h e  
update matrix 

= 0 .4pollo l o c a l  v e r t i c a l  

= 1 U'Td l o c a l  v e r t i c a l  

I UPDATE automatic v e c t c r  replacement opt iun following 
MSFM or  t r a c k i n g  m t r i x  upnates 

= 0 do not t r a n s f e r  irectors t o  t h i s  
compJ-ter ( I P D A T E  (ICO!4) i s  
l e f t  t o  zero unless  a 6-by-6 matrix 
i s  being used and t h e  IUPDATE: = 3 
option i s  d i s i r e d )  

= 1 update t h e  CSM s t a t e  of t h i s  
computer using the CSM s t a t e  of 
a 12-by-12 matrix sampling ar with 
the  s t a t e  abtainecl by a 6-by-6 
matrix sampling 

computer using the  LM s t a t e  of a 
12-by-12 matrix ssap l ing  a r  with 
the s t a t e  obtained by a 6-by-6 
matrix s m p l i n g  

= 3 updqte both t h e  ?SI4 ,3nd LM s t a t e s  
of t h i s  computer ( i f  the  update 
i s  from a 6-by-6 matrtx, t h e  
s ts tes  3~ set  equal) 

= 2 upd3te ",he LM s t a t e  of t h i s  

Change 1, May 20, 1969 
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Sect i o n  

4 

5 

Vsrlable Def in i t ion  

This sec t ion  i s  read m l y  i f  LE?J := 2 

6-by-6 covariance m t r i x  f o r  onboard 
rendezvous radar  or sextan t  t r ack ing  
measured i n  f t  and fps  

covm 

' I l i l s  sec t ion  i s  read only i f  LEN > 3 - 
covariance matrix represent ing  MSFN 
uncer ta in t ies ;  when LEN = 3, the  
matrix i s  12-by-12 and updates both 
vehicles;  when LEU = 4, t h e  matr ix  
i s  6-by-6 and updates o n l y  t h e  s t a t e  
designated by IVEH 

CoTJMSFN 

Change 1, May 20, 1969 
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Block LEC4 Input - Update Event 

This  block provides t h e  da t a  necessary t o  update an est imated s ta te  
by s imulat ion of one of t h e  onboard t r ack ing  systems modeled i n  AGAST. 
IVRR i s  t h e  est imated s ta te  which i s  t o  be updated as opposed t o  IVEH 
(block EVENT) which ind ica t e s  t h e  vehic le  doing t h e  t racking .  

The W-matrix i s  i n i t i a l i z e d  by s e t t i n g  t h e  diagonal  values  equal  t o  
The WDIAG t h e  WDIAG values and by s e t t i n g  t h e  nondiagonal terms t o  zero.  

va lues  are not  a f f ec t ed  by t h e  propagation of t h e  W-matrix. 

The i n i t i a l i z a t i o n  of t h e  W-matrix and t h e  WDIAG values used are 
d i c t a t e d  by t h e  value of IWMATRX. When IWMATRX = 1, a new set  of WDIAG 
va lues  are read i n  t o  i n i t i a l i z e  the  W-matrix. When IWMATRX = 2,  t h e  
WDIAG va lues  used previously are again used for t h e  i n i t i a l i z a t i o n .  
Using IWMATRX = 2 on t h e  first i n i t i a l i z a t i o n  causes t h e  program t o  use 
t h e  p re s to red  WDIAG values .  

The block i s  read only i f  LEC = 4. 

Sec t ion  Variables 

IVRR , IWMATRX, my IANGLE, I G I M  , ISTART , 
ISTOP, NCODE 

TSTART, TSTOP, DTMARK, DTSTART, DSTOP, 
DTRACK, ANGLMT 

WDIAG 

LC(4DE(I), I = 1, NLM 

Format 

815 

7~10.0 

3E15 .a 
1615 

Cards 

1 

1 

3 

1 or 2 

Change 1, May 20, 1969 
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Sect ion  Variable 

1 IVRR 

? IWMATRX 

IMARK 

IANGLE 

I G I M  

c 

ISTART 

Def in i t ion  

estimated s t a t e  t o  be updated by t h e  
t racking  

= 1 CSM 

= 2  LIM 

W matrix con t ro l  f l a g  

' =  0 continue with present  W matr ix  

= 1 i n i t i a l i z e  with new WDIAG values  

= 2 i n i t i a l i z e  W matrix w i t h  cur ren t  
WDIAG values  

mark i n t e r v a l  con t ro l  

= 0 use pres tored  mark i n t e r v a l  
t ime (60 sec )  

= 1 input  t h e  time between marks 

t racking  da ta  measurement con t ro l  f l a g  

= 0 use both range and angle  data 

= 1 use range da ta  only 

= 2 use angle da t a  only 

t racking  a t t i t u d e  con t ro l  f l a g  

= 0 hold a l ine-of-s ight  a t t i t u d e  
within t h e  angle l i m i t  

= 1 do not hold a l ine-of-s ight  
a t t i t u d e  

start  t ime con t ro l  f l a g  

= 0 use input  start time 

= 1 TSTART = TLAST + DSTART 



64 

Sect  ion  V a r  i able  

ISTOP 

NCODE 

2 

3 

4 

Defin i t ion  

t racking  i n t e r v a l  s top  t ime con t ro l  

= 0 use input  s top  t ime 

= 1 STOP = TSTART + DTRACK 

= 2 TSTOP = TNEXT - DSTOP 

lunar  landmark con t ro l  f l a g  (used only 
with LEN = 3) 

,= 0 continue use of present  set of land- 
marks 

= 1 input  a new s e t  of landmark f l a g s  

TSTART t racking  start t i m e ,  sec  

TSTOP t racking  i n t e r v a l  s top  t ime,  sec 

DTMARK t i m e  i n t e r v a l  between marks , sec ( input  
A value only when IMARK = 1) 

DSTART t i m e  from TLAST t o  s tar t  of t r ack ing ,  sec 

DSTOP t i m e  from end of t r ack ing  t o  TNEXT, sec 

DTRACK length of t racking  i n t e r v a l ,  sec  

ANGLMT angle l i m i t  wi thin which t h e  l ine-of-  
s igh t  a t t i t u d e  must be held during 
t racking  , deg 

This s ec t ion  i s  read only i f  IWMATRX = 1 

WDIAG W=matrix diagonal values  used t o  r e i n i -  
t i a l i z e  t h e  W-matrix measured, f t ,  f p s ,  
and rad 

L C ~ D E  f l a g s  t h a t  correspond t o  t h e  25 lunar  
landmarks and t h a t  designate  which ones 
a r e  t o  be used f o r  t r ack ing  on th5s  event 

= 0 do not use t h e  given landmark 

= 1 use t h e  given landmark 
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